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PREFACE TO THE mXmH EDITION. 



With regard to the preseut Edition of this irotk, the Author 
has only to say that he haa Bubmitted it to a thorough revision, 
and, to the best of his ability, has brought it up to the present 
standard of our knowledge. As the work ia strictly elemen- 
tary, and is intended solely for the use of Junior Studeuta, it 
has not been deemed advisable to make fundamental altera- 
tions in its general plan, or to materially change the classifi- 
catiou followed in previous Editions, save in those instances 
in which there is now a general consensus of opinion. The 
more important recent additions to our acquaintance with the 
existing or extinct fauna of the world have, however, been 
noticed in the text, and fresh illustrations have been introduced 
where this appeared to be desirable. 
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ZOOLOGY. 



INTRODUCTION. 

1. Definition of Biology and Zoor^or. 

All natural objecta may be roughly divided into three groups con- 
atitnting the so-calted Hineial, Animal, and Vegetable kingdoms. 
The objects comprised in the mineral kingdom are all devoid of life, 
and thej exhibit the following characters : a. Their chemical com- 
position is simple. They consist of either a single element, as is the 
case, for instance, with native gold ; or, if combined, they almost 
always occur in nature in the form of simple compounds, componed 
of no more than two or three elements — as, for example, common 
gait, limestone, plaster of Paris, and many others. 6. Mineral bodies 
are, when unmixed, composed of similar particles, which have no 
definite relations to one another ; or, in other words, they are homo- 
geneous, c. The form of mineral bodies is either altogether indefinite, 
when they are said to be " amorphous " ; or, if they have a definite 
shape, they are crystalline, in which case they are usually bounded 
by plane surfaces and straight lines, d. When mineral bodies 
increase in size, as crystals may do, the increase is produced simply 
by the addition of particles from the outside (technically called 
"accretion"), e. Mineral bodies exhibit no phenomena which are 
not pm-ely physical and chemical, and they show no tendency to 
periodic changes of any kind. 

All the bodies which exhibit these cliaracteristics properly belong 
to the mineral kingdom, and fall to be treat«d of by the sciences of 
Geology, Mineralogy, Chemistry, and Physics. It should be borne 
in mind, however, that in the case of what are called "fossils" or 
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" petrifactions," we have mineral bodies which owe their existence 
and charact«rB to living beings which existed at foiiuer periods in the 
history of the earth. For this reason, foaails, though composed of 
mineral matter, cannot be said properly to belong to the mineral 

On the other hand, the objects which belong to the animal and 
vegetable kingdoms difTer from those which are comprised in the 
mineral kingdom in the following points : a, "Hiey are composed of 
few chemical elements, of which carbon, hydn^en, oxygen, and 
nitrogen are the most important ; and these elements are combined 
to form complex oi:ganic compounds, which always contain a. large 
proportion of water, are very unstable, and are prone to spontaneous 
decomposition, b. They are composed of divet«e or heterogeneout 
parts, which have usually more or less definit« relations to one an- 
other. These heterogeneous but related parts are termed "organs," 
and the objects possessing them are said to be " oi^nised," Some 
of the lowest forms of animals have bodies composed of so uniform a. 
substance that they cannot be said to be organised, as they exhibit 
no definite organs. This exception, however, does not affect the 
general value of this distinction, c. They are always more or less 
definite in shape, presenting concave and convex surfaces, and being 
bounded by curved lines, d. When they increase in size, or " grow," 
they do so, not by the addition of particles from the outside, but by 
the reception of foreign matter into their interior and its assimila- 
tion there (technically called "intussusception"), e. Lastly, they 
invariably pass throtigh certain periodic changes in a definite and 
discoverable order,— these changes constituting life. 

All iJie objects, then, which fulfil these conditions, are said io be 
alive ; and they all belong either to the animal or to the vegetable 
kingdom. The study of living objects of all kinds, irrespective of 
which kingdom they belong to, is conveniently called by the general 
name of Biologr/ (Gr, 610*, life ; and logo*, discourse). As all living 
objects, however, may be referred to one or other of these two king- 
doms, so Biology may be divided into the two sciences of Botany, 
which treats of plants, and Zonlogg (Gr. zoM, animal ; logot, dis- 
course), which treats of animals. The term Natural History, again, 
is generally understood nowadays as being equivalent to Zoology 
alone, though originally it was applied to the study of all natnral 
objects indiscriminately. 

2. DlFFEREfiCES BBTWEEIT AnIIUU AND PLANTS. 



It now becomes necessary to inquire into the dififerences which 
subsist between animals and plants, and which enable us to separate 
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the kindred sciences of Zoology and Botany. It might have been 
thought that nothing could be easier than to determine the animal 

or vegetable nature of any given organism ; and such, indeed, was 
the almost oniversal belief of older observers. Jn ])oiut of fact, how- 
ever, no hard-and-fast line can be drawn, in the present state of our 
knowledge, between the animal and vegetable kingdoms, and it is 
oft«n a matter of extreme difficulty, or even wholly impossible, to 
decide positively whether we are dealing' with an animal or a plant 
In the case of the higher members of the two kingdoms there is no 
difficulty in arriving at a decision. The higher animals are readily 
separated from the higher plants by the possession of a distinct 
nervous system, of locomotive power which can be voluntarily exer- 
cised, and of an internal cavity fitted for the reception and digestion 
of solid food. The higher plants, on the other hand, possess no nerv- 
ous system or organs of sense, are incapable of voluntary changes of 
place, and are not provided with any definite internal cavity, their 
food being wholly fluid or gaseous. 

Ths lower animals (fVoiosan) cannot, however, be Beparated in many eases 
^m the lower plants {i'roiophyla) by these distinctions, aince many of the 
former have no digestive cavity, and are destitute of a nervous system, and 
many of the latter possess the power of active locomotion. In determining, 
tlierefare, the nature of these ambignons organisms, the following are the chief 
pouits to ba attended to :— 

Firstly, As to mere/ona or eiternal configuration, no certain rules can ho 
laid down for separating animals and plants. Many of the lower plants, cither 
in their earlier stages of existence or when grown np, are exactly similar in 
form to some of the lower animals. This ia the case, for example. In some of 
the AlgiB, which closely rosemble some of the Infusorian animalcules. Many 
nndoubted animals, again, are rooted to solid objects in their adult state, and 
are so plant-like in appeaniaee s« to be always popularly regarded as vegetables. 
This is the case with many of the so-called Hydroid Zoophytes, such as the Sea- 
firs, and also with the much more highly organised 8ea-mata {Fhiatra}, all of 
which are usually regarded as sea-weeds by seaside visitors. This Ls also, but 
leas strikingly, the Quae with the Corals and Sea-anemones, of which the latter 
are often spoken of as " sea-Howera. " 

SeeoiuUy, No decided distinction can he drawn between animals and plants 
as to their minute inlenial structure. Both alike consist essentially of minute 
solid particles (molecules or gianuleal, of cells, or of fibres. 

Tkirttly, As regards cktmical eomposflton, there are some decided, thougli 
not universal, differences between plants and animals. As a general mle, it 
may be stated that plants exhibit a decided predominanse of what are known 
to chemists as " ternary compounds " — that is to say, compounds which, like 
sngar, starch, and cellulose, are composed of the three elemefita, carbon, hydro- 
gen, and oxygen. They are, comparatively speaking, poorly snpplied with 
"quaternary" compouniis, which contain the fourth element, nitrogen, in 
addition to the three first mentioned. Animals, on the other hand, are rich in 
quaternary nitrogenised compounds, such as albumen or fibrin. Still, in both 
kingdoms we find nitrogenised and non-nitrogenised cnmponnds, and it Is only 
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In the proportion which these b«ar to one anothst in the orguiiBm tliat animals < 
differ in any way from pUi:ta. The most charaeteristio of all vegetable oom- 
pannds ie the one knowu as edlvlote, very nearly allied in its clieinical com- 
poattion to ordinary atarch. Aa a general rule, it may be etated that the 
presence of an external envelope of cellulose in any organism raises a strong 
presumption as to its vegetalile nature. Still c^ellulcisa is not eictnaively con- 
fined to plants, as was at one time believed. It is now well known that the 
outer covering of the so-called Bea-squirts or Ascidtan Molluscs contsinH a large 
quantity of cellulose (as much as 60 per cent in some cases). Another highly 
clisrauteristic vegetable product ia cMoTOphyll, the green colonriDg-matter of 
plants. Any organism which exhibits chlorophyll in any quantity as a proper ' 
element of its tissues is moat probably vegetable. In this case also, however, 
the presence of chlorophyll cannot be regarded as a certain teat, since it occutH 
regularly in some undoubted animals {e.g., Sfeit^or amongst the It^aaoria, and 
the Hydra viridit, or green Fresh-water Polype, amongst the C(^ttUtmta). 

Faarihly, As r^:ard9 loeonuitivt poietr, or the ability to effect changes of 
place at will, the results of observation are aingularly at variance with our 
preconceived notions. Before the invention of the microscope, no instances of 
independent voluntary movements were known in plants, if we eicept the 
voluntary opening and closure of flowera and their turning towards the ann, 
the drooping of the leaves of sensitive plants under irritation, and some other 
phenomena of a like nature. Now, however, we know of many plants which 
are endowed, either when young or throughout life, with the power of effecting 
voluntary movements apparently as spontaneons and independent as those ex- 
hibited by the lower animals. In some cases the movements are brought about 
by means of little vibrating hairs or cilia, with which a part or the whole of the 
surface ia fumished. When it is added that many auimals are permanently 
llied and rooted to solid objects in their fully-grown condition, it will be seen 
that DO absolute distinction can be drawn bstw«ea animals and plants merely 
on the ground of the presence or absencfl of independent locomotive power. 

Fifthly, We have shortly to consider one of the most reliable of all the 
testa by which an animal may be separated ti\>m a plant — namely, the 
nature of the food, and the prodacts which are formed out of the food within 
the body. 

The differences between animals and plants in this respect may be roaghly 
stated as followa : — 

1. Plants live upon purely inorganic substances, such as water, carbonic 
acid, and ammonia — anil they have the power of making, out of these, true 
organic subatances, such as stareh, cellulose, sugar, J^c Plants, therefore, 
take as food very simple bodies, and matiufsctnre them into much more com- 
plei substances, so that plants are the great producers in nature. 

2. All plants which contain green colouring-matter (chlorophyll) in the pro- 
cess of digestion break up carbonic acid into the two elements of which it ia 
composed — namely, carbon and oiygen, keeping the carbon and setting free 
the oxygen. As carbonic acid occurs always in the air in small qoantities, the 
result of this is that plants remove carbonic acid from the atmosphere and give 
out oxygen. 

3. Animals, on the other band, have no power of living on inoif:anic matters, 
such as water, carbonic acid, and ammonia. They have no power of converting 
these into the complex oiganie substances of which their bodies are composed. 
On the contrary, animals require to be supplied with ready-made oi^nio com- 
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poDtuIs tf their eiliteoce is to be maintained. These they can onl; get in the 
Krat place from plants, and therefore animals are all dependent upon plants 
for food either directly or indirectly. Animals, therefore, differ irom plants 
in requiring as food complejt organic bodies which they ultimafely reduce to 
very much simpler inorganic bodies. Whilst plants, theOj are the great mann- 
foctarers in nature, animals are the great consumers. Another distinction 
arising from the nature of their food is, that whilst plants decompose carbonic 
acid, keeping the carbon and setting free the oiygen, animals absorb onygen 
and give out carbonic acid, so thai their reaction upon the atmosphere ia the 
reverse of that of plants. It should be added, however, that there are organ- 

which, nevertheless, eihibit other characteia which would place them among 
animals. Examples of such organisms are found in Volvox and its allies. 

As regards these general distinctions lietween plants and animals, there ara 
two pointa which should be remembered :— 

1. That even if universally true, these distinctions can often not be applied 
in practice to the ambiguous microscopic organisms about which alone any 
donbt can be entertained. 

2. These general laws are certainly not of uaiversa! application in the case 
of plants. Thus, plants which do not contain chlorophyll {e.g. Fnngi) do not 
possess the power of decomposing carbonic acid under the influence of sun- 
light, but are like animals in requiring organic compounds for their food. 

3. CoNDiTiooa OF Life. 

Certain conditions are necesBary for the manifestation of life or 
Titality, as, iadeod, is the case with every known force. Some of 
these conditions, though very generally present, are not absolutely 
indispensable ; but tJiere is one condition which appears to be 
essential, and that is, that the liring body must be composed of a 
certain nmteriaL This material forms the essential and funda- 
mental parts of every living being, whether vegetable or animal, 
and it is usually known by the technical name of "protoplasm" 
(Gr. proton, first ; and plaeto, I mould). Living beings may, and 
often do, contain in their bodies many other substances besides 
" protoplasm," but it is in this substance tliat vitality seems alone 
to be inherent ; and we are consequently justified in saying that 
hfe is only found in connection with protoplasm. It is, however, 
still a matter of opinion whether the protoplasm of all animals and 
plants is precisely the same, and under any drcumstaneea we may 
believe that this substance ia simply the medium or vehicle through 
which vital force manifests itself. Using the term in its general 
sense, "protoplasm" is chemically related in its nature to cdbmnen 
or white-of-egg, and generally has the character of a jelly-like, 
semi-fluid, transparent material, which does not in itself exhibit 
any definite structure. When heated to a certain temperature, it 
Bohdifies or "coagulates," just as the white of an egg does when 

L,.„_,,.„Cooslc 
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boiled. lu its living state also, protoplasm aiq>eBfB invariably to 
hare the power of movement. Thus, any little maaa of living pn>- 
toplaBin, if tree to do so, has the power of throwing out proceasea 
of ita own siibiitance, and thus of moving and changing itH place. 
It has, also, the power of increasing in size or of maintaining its 
existence by " aasiniilating " fresh and foreign material ; and it may 
detach portions of its own subetance which may become developed 
into fresh masses of pi'oteplasm. 

In some cases, though protoplasm be present, thei'e Is no external 
and viaibla manifestation of life, as is the case with ^gs and seeds, 
which exhibit what ia called a " doimant " vitality. ITtis conditioa 
may remain for a long time unchanged, until the ext«mal circum- 
stances are altered, and then the organism passes from a state of 
doiinant into oue of active life. 

As a general rule, therefore, it is necessary for certain external 
conditions to be present before any external vital phenomena can 
be manifested ; and usually life itself, even in a dormant state, can- 
not be maintained in the absence of these conditions. Thus, the 
presence of atmospheric air (or rather or free oxygen) is in an ordi- 
nary way essential to active life. The higher manifestations of 
vitality, again, are only possible between certain limited ranges of 
temperature, varying from near the freezing-point t« about 1S0° 
Fahr. Water, again, is an essential constituent of protoplasm in its 
living state, and is therefore absolutely essential to the carrying oii 
of vital processes of all kinds. Hence the mere drying of an animal 
or plant will in most cases kill it outright, and will always suspend 
all visible vital phenomena. 

Lastly, the great majority of living beings are orgatiited—VbsX is 
to say, they are composed of different parts, or orgatu, which hold 
ceitain relations with one another, and which discharge different 
functions. It ia not the case, however, that organisation ia a necet- 
larg accompaniment of vitality, or that all living beings aie organ- 
ised. Many of the lower forms of life exhibit absolutely no visible 
structure, and cannot, therefore, be said to be "organised" ; but 
they nevertheless dischai^e all their vital functions just as well as 
if they possessed special organs set apart for the performance of 
each. Animals, therefore, are organised, or possess structure, be- 
cause they are alive ; they do not live because they are organised. 

4. Classification. 

By the term classification is understood the arrangement of a 
number of dissimilar objects of any kind into larger or amallar 
groups according as they exhibit more or less likeness to one an- 
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other. The number of different animals is so enomioua, that it was 
long ago perceived that some classification of them, or method of 
arrai^i^ them into groups, was absolutely indispensable. With- 
out some such airangement it would have been utterly impossible 
to bare ever acquired a clear notion of the animal kingdom as a 
whole. In forming snch a classification, we might take some one 
character, such as ^e possession of wings, the number of legs, or 
the like ; just as we might divide mankind into groups according 
to the colour of the hair, the shape of the nose, or some other trivial 
feature. Classifications of this kind, however, are " artificial," and 
do not express the real relationships of animals ; hence the; are now 
universally discarded by naturalists. The true method of forming 
a classification is to compare different animals with one another as 
r^ards aU the features which they present ; and in this way we 
obtain what is called a " natural " classification. It is to be remem- 
bered, however, that a thoroughly natural classiticatiou of animals 
would imply that our knowledge of all their characters was com- 
plete ; and as that is not the case, no known classification can be 
regarded as more than approximately true. 

A. natural classification, then, is founded upon a comparison of 
different animals with one another as regards all their essential char- 
acters ; and these characters are of two kinds. Firstly, we have 
to look to the laws, form, and an^gement of the ttrutlureg of the 
organism. This constitutes wh^^is called " Morphology," or the 
science of form and structure (from the Greek words morpke, shape 
or form ; and loifot, a discourse). Secondly, we have to study the 
vital actions performed by the living organism, and the fanctionx 
discharged by each portion of the body. This constitutes the science 
of "Physiology." 

MoRPHOLoar. — As we have just seen, Morphology, as a general 
sdence, deals with the mere form and structure of the organism, 
irrespective of function or ute; but it admits of a more or less 
artificial division into subordinate departments. Thus the study of 
the form and structure of living beings in their fully developed 
condition constitutes the science of Anatomy. The term Huittan 
Aiiatomy is given to the morphology of man, and the term Com- 
paraitpe Anatomy ia applied to the study of the structure of animals 
in general, as compared with one another imd with man. 

Morphology, again, not only deals with the organism as a fully 
developed whole, but is also concerned with the changes through 
which every living being has to pass in reaching its mature or 
fully-grown condition. This constitutes a sjieciat branch of the sub- 
ject to which the term " Development " is applied. 

Finally, a separate depaitment of the subject is sometimes consti- 

-.- ^.^'O'^lc 
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tuted under the name of "Jfinvte Anatomy," to designate those 
morphological studies which are speci&lly cobcemed with the invee- 
tigation of the minute or microscopic structures and tissues of which 
living beings are composed, apart from the grosser and more palpable 
features of form and stiiicture. 

PiirsiOLOor. — In its broadest sense, Fhjsiology may be stated 
to be the tcietiice of life and vital phenomena, — understanding by 
"science," knowledge metliodtsed and reduced to its principles. Iii 
other words, Phj^ioli^y deals with the funetiont exercised by living 
bodies, or by the various definite parts or " organs " of which most 
living beings are made up. Morphology teaches us the structure of 
the animated machine ; Phyttology shows us what the machine can 
do, and what are the use and purpose of the various parts of which 
the machine \b composed. 

The study of the functions discharged by the human organism 
constitutes a distinct branch of Physiology to which the name of 
Human PkytuAogy is applied ; whilst Comparative Pkynology is con- 
cerned with the study of the vital phenomena exhibit«d by the lower 

All the vital actions of the organism — in other words, all physio- 
logical phenomena — may be roughly divided into the following three 
groups : — 

1. /'umcd'oTMo/'nuirift'on, comprising the various functions by which 
the organism is enabled to live, grow, and maintain its eidstence as 
an individual. 

2. Funotioni of reproduction, comprising those functions whereby 
fresh individuals are produced, and the perpetuation of the tpeciet is 
secured, whilst the original individual perishea. 

3. Functions of relation, comprising all those functions (such as 
sensation and the power of voluntary movement) whereby the outer 
world is brought into relation with the organism, and the organism 
in turn is enabled to react upon the outer world. 

The functions of nutrition and reproduction are essential to bare 
existence, and are sometimes qjoken of collectively as the " vegeta- 
tive" functions, as being common to auimals and plants alike. On 
the otlier hand, the functions of relation are often spoken of as the 
" animal " functions, since they are most highly developed in animals. 
Various plants, however, are endowed with the power of movement, 
and exhibit sensibility equal in amount and apparently similar in 
kind to that manifested by many of the lower animals ; so that the 
functions of relation, though more characteristic of animals than of 
pkntH, are not peculiar to animals. 

It should also be borne in mind, that though the above grouping 
of the physiological functions is convenient, it is to a certain extent 
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arbitrary, and that the groups of functions run into one another, and 
are moat intimately connected. Thus, for example, in the higher ani- 
mals, some or all of the functions of relation are aecoudarilj func- 
tions of nutrition, and vice vered, since the iut«grity of both groups ia 
essential to the working of either. If the animal be deprived of the 
powers of viaion and locomotion, it cannot obtain food : and if its 
nutrition be interfered with, its functions of relation will be destroyed. 

HoMOLOOT Asn Analoqt. — These are two terms whicli are em- 
ployed to express, respectively, the morphological and physiological 
likenesses between the organs and parts of different animals. 

When we find the same morphological structure or organ in two 
different animals, however much altered or disguised in form, then 
we have to deal with a case of homology ; the two organs are homoh 
! and the one is said to be the hoauilogiin of the other. And 




Fig. 1— A, Arm of Mail. B, Fore-kg of Dog. C, Wing of Bird, ft Humerus, or bono 
of upjiersmi ; rsnd u Badiuii and Ulna, or bones of tbe fore^uw; a Csrpuii, or 
bODM of tbe wriat ; m MetaoarpaB, or bonca of th« root of tlie land ; p FlAluigfi, 

it is not in the least degree neeeasary that the two honiologoua organs 
should perform the same function or dischai"ge the same work. On 
the contrary, they may be fitted for very different purposes, and it 
is simply necessaiy that they should be formed on the same funda- 
mental plan of structure. For example, the arm of man, the fore- 
leg of the dog, and the wing of a bird, are constructed upon the 
same morphological type, and are therefore komologintt- — as will 
readily be seen by referring to the annexed illustration, where cor- 
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responding parta &re lettered with corresponding letters. They per- 
form, however, totallj different fimctiona, the first beiiig an organ of 
prehension, the second being devoted to t«rreBtrial progression, &nd 
the third being an organ of flight. 

On the other hand, whenever we find in different animals organs 
fulfilling the same purpose and doing the same work, then we have 
to deal with a case of ofoalogy — the organs are analogoai, and the 
one is said to be the aiudogue of the other. In other words, thoee 
parts or organs are awdogou* which reeemble one another physio- 
logically and discharge the same functiattt, wholly irrespective of 
what their fundamental structure may be- In most cases the organs 
which would ordinarily be called " analogoos " are such as differ 
from one another in structure, at the some time that they discharge 
the same duties. Thus the wings of a bii'd and the wings of an 
insect are analogous organs, since they are both organs of flight, and 
serve to sustain their possessor in the air. Tbej are, however, in no 
■way similar to one another except when regarded from this physio- 
logical point of view ; and they diffei- altogether from a morpho- 
logical aspect, being in no way formed on the same fundamental 
phin. It often happens, however, that " analogous " organs have 
the deeper relation to one another of being constructed upon the 
same morphological plan, in which case they are both analogous and 
homologous. Thus, the leg of man and the hind-leg of a dog are 
both analogous and homologous, eiiice they are constructed upon the 
same plan and discbarge similar functions. 

It need only be added in this connection that sound claBsificatiou 
depends on a con-ect discrimination between likenesses of homology 
and likenesses of analogy. Likenesses of anati^y — that is, like- 
nesses dependent solely upon the possession of organs discharging 
the same physiological function — are to be disregarded. Thus, the 
Sitd and the Butterfly ai-e not to be grouped together simply be- 
cause both poBseaa organs of flight. On the other hand, likenesses of 
homology — that is to say, likenesses dependent on identity of struc- 
tural plan — are a safe guide to real affinity, eitabhng us to trace 
the genuine relationships which may aubsist between animals out- 
wardly very dissimilar, and affording to us the foundation rf a 
common type capable of almost endless modification. Whilst the 
theory of philosophical classification is thus clear, it may he further 
said that great difficulties attend the carrying out of the admitted 
theory into actual practice. This arises chiefly fi-om the difficulty 
which is met with when we come to disentangle the homological 
from the merely analogical likenesses of animals ; and it is in over- 
coming this difficulty that a gi-eat portion of the hibours of the 
philosophical zoologist couaists. 
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Acting upon the principles above iudici 
parison of the morphological and physio] 
different auimali, natiiraliBta have divid 

dom into a number of divisiona, the general arrangement of which 
may be very briefly indicated. Firatly, the whole animal kingdom 
may be divided into two great Hectious, known respectively as " In- 
vertebrate Animals" or Invertebrata, and "Vertebrate Animals " 
or Vertebrala. ITie leading characters which diBtinguieh these 
two great sections are exhibited in the subjoined diagram, and 
may be ehortly stated as follows: In all Invertebrate animals, the 
body, if divided transversely or cut in two, dtows only a single tube 
containing, all the vital organs (fig. 2, A). These organs in the 
higher Inv^tebrata consist of a digestive or alimentary tube; a cir- 
culatory system, by which the vital fluids are distributed through 





Fig. 2.— A, DlHgrtmimstli', seutloD of one of the bigher It 
orths l'<rteSnita(8irghHy altered from HraUj-): oW 
canal ; a ClrcnUtor/ lyetem: n NervDiie gyitem; «' Bisln anil apfnal cord of the 
VtrUbrala, enoloaed In a acpante tube ; tk Notjwhoni or chorda dorsalis. 

the body ; and a nervous system, by which the animal is brought 
into relation with the outer world. Any or all of these vital 
■ organs, however, may be wanting, or may be imperfect or rudi- 
mentary. When there is any skeleton, this is usually external, and 
ia mostly nothing more than a hardening of the skin, produced by 
the deposition in it of horny matter, of lime, or of flint. The limbs, 
when present, are turned towards that side of the body upon which 
the main portions of the nervous system are situated. In the Ver- 
tebrata, on the other hand, the body, if transversely divided, ex- 
hibits two tubes (fig. 2, B). In the one is placed the main mass of 
the nervous system (the brain and spinal cord). In the other 
tube are the alimentary canal, the main organs of the circulatory 
system, and certain other portions of 'the nervous system, which aie 
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known as the " aympathetic " system of uerves. Further, in the 
Vertebrala Uiere is always an itaeraal skeleton, the central stem 
of which ia usually coustituted by a true backbone or "vertebral 
column." When this is not present, there ia a structure which will 
be afterwards described as the "notochord" or "chorda doraalis." 
Lastly, the limbs of Vertebrate animals, when present, are never 
more than tour in number, and they are always turned away 
from that side of the body on which the main masses of the nervous 
ayatem are placed. 

The subdivision of the Invertebrate animals is divided into five 
great groupa or "morphological types," which are known as mib- 
tingdomt.^ These primary types of structure are known to natu- 
luliats under the technical names of the Protozoa, Calenterata, Echm- 
odermatOf Ammloia, and Moll-mca. Their distinguishing characters 
and more important subdivisions will be spoken of hereafter, and 
need not, therefore, be noticed here. The division of the Verte- 
brate animals constitutes by itself a sixth snb-kingdom, which is 
simply known under the name of Vertebrata. There are, therefore, 
«jr primary types of structure or sub-kingdoms, to one or other of 
which all known animals may be referred. The highest of these 
forma alone the division of the "Vertebrate Animals," whilst the 
five lower sub-kingdoma are grouped together under the collective 
name of " Invertebrate Animate." 

Each tub-tingdom, therefore, comprises a group of animals which 
are constructed upon a common plan or type, however greatly this 
type may be modified ; and each is, in turn, broken up into sub- 
divisions which are termed "ckuset." Elach" class," again, ia divided 
into "orders," each "order" into "familiei," each "family" into 
"genera" and each "genus" into "tp&de>." To define the term 
"species," which is the smallest definite division accepted by 
naturalists, is, in the light of recent researches, no easy matter. 
We may, however, consider that each " species," or, as we should 
commonly say, " kind," of animals consists of such individuals as 
resemble one another in all the essential cbaractere of their struc- 
ture, and are able, directly or indirectly, to produce other fertile 
individuals like themselves. Even in the above definition, we must 
recollect that the individuals of a species are not precigelff alike, and 
it commonly happens that a number of the individuals of a species 
have some special peculiarity or peculiarities, by which they can 
readily be sefwirated fmrn the rest. When this is the case, the 
individuals thus distinguishable constitute what ia called a"i«irie(y," 

' Many natnrallsta regard the Sponges an farming a irixth division, to which 
the name of Pori/era ia often given ; lint tliia division is hardlj' equivalent in 
rank to a sub-kingdom. 
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and if tlieir pMuliarities are permanent, and are handed down con- 
Btantly by inheritance, then we get a " race." Thus we may aup- 
poae (though some doubt it) that all known dogs belong to and 
constitute one species. But we know that individual doga, such as 
the greyhound, the mastiff, the terrier, the bull-dog, and the like, 
differ from one another so greatly that we can always recognise 
them with certainty. These, therefore, constitute so many varietio 
of the dog. It need only be added that the greatest of all ditK- 
culCiea which the practical naturalist has to confront is the diiftculty 
of determining precisely what constitutes a ppecies as distinguished 
from a variety. In other words, there are innumerable cases in 
which it is almoet impossible to tell whether we are dealing with 
two closely allied species, or with a species and its variety; and in 
no case can any definite rule of guidance be laid down by which this 
difficulty can be got rid of. 

The classification now adopted by naturalists will perhaps be 
better understood if we take an actual example, and see how it is 
applied in practice. If we regard the domestic dog, with all its 
subordinate varieties, as a single tpecieg, we have to notice, in the 
first place, that it is known technically by a double name, and is 
called the Cants familiarit. All species are thus known by "bi- 
nomial " deaigikations, the tecond name being like a man's Christian 
name, and being distinctive of the individual, whilst the_^r«^ name 
is Uke a man's surname, and indicates the group, or, technically, 
" geniu" to which the individual belongs. The dog, then, whilst 
individually recognised by the epithet " familiar ■'/," belongs to the 
"gewiu" Canit, in which are included other related species, such as 
the Wolf {Canis lupus) and the Jackal {Cani* aurew). The genua 
Canit, again, belongs to the "family" Canidcs, including other 
genera, such as the JToses ( Vidpee). The family Canid/M, again, is 
one of a number of families, such as the Lions, Tigers, and Cats 
{Felidm), the Bears and Racoons {Urtidce), the Hyasnas (IIy(miidee), 
&C., which together constitute the "order" of the Camivora or 
Beasts of Prey. The Camivora, again, constitute one of many 
orders of Quadrupeds, which are distinguished by suckling their 
young and by other common characters, and which collectively con- 
stitute the "data" Mammalia. Finally, the class Mammalia is 
umt«d with the classes of the Birds, Reptiles, Amphibians, and 
Fishes, to constitute the great primary division of Vertebrata or 
"Vertebrate Animals;" since all these classes agree with one 
another in the fundanieiitai character of possessing a backbone or 
"vertebral column," or an equivalent structure. 

Condensing the above, the zoological position of the Dog, expressed 
in full, would be as follows :— 
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Sub-kingdom, Vkrtbbbata. 

Class, Mammalia. 

Order, Caraivora. 

Family, Canida. 

Genus, Canie. 

Spacies, Cants famitiarii. 
In an ordinaij way, however, it is quite unnecessary to employ ia 
practice any of the above names except the last or tpecijie name, 
since tbat implies all the others. 

The renminder of this work will be occupied with the considera- 
tion of the chief characters of the more important groups into which 
the animal kingdom has been divided, omitting those which are not 
of paramount interest ; but it will be necessary lirst to say a few 
words as to the distribution of animals in space and in time. 

5. Distribution of Aniuals ih Space and in Time. 

DisTRiBDTioH IN Space. — The distribution of animals in ipace, or 
' their ffeoffrapAiiMl dUtrihution, is a department of zoology whicli ia 
concerned with det«rmiuing the limits within which each species of 
animal is at the present day confined. Save man, and his faithful 
attendant the dog, no species of animal can be said to have anything 
like a. univergal distribution ; and each species, as is a matter of com- 
mon observation, belongs to a certain region, and is confined within 
wider or narrower limits. Thus the Giraffe, for example, is not known 
to exist out of Africa ; the Kangaroos belong to Australia ; the Arma- 
' dittos do not occur out of South Ameiica, — and so on. Further than 
this, it is possible to divide the earth's surface into a certain number 
of geographical r^ons or '^zodogical provinces," each of which is 
characterised by the occurrence in it of certain associated forms of 
animal life. Under the head, therefore, of "distribution in space," 
come two different but allied branches of inquiry. Firstly, we have 
to inquire as to the geographical range enjoyed by each individual 
species of animal ; and secondly, we have to determine what gateral 
assem'ilajfet of animals characterise certain large areas or provinces, 
and this alone demands a brief consideration here. 

The geographical distribution of land animals is conditioneo partly 
by the existence of suitable surroundings, and partly by the presence 
of barriers preventing migrations. Thus, certain contiguous regions 
might be equally suitable for the existence of the same animals, but 
they might belong to different zoological provinces if separated by 
any impassable barrier, such as a lofty chain of mountains. Owing 
to their power of flight, the geographical distribution of bii'ds is much 
less limited than that of Mammals ; and many migratory birds may 

" ■ " O" 
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be said to belong to two zoological provinces. In spit« of their powers 
of locomotion, however, birds are limited by the necesaitiea of their 
life to definite areas, and a zoological province maj be marked by 
ita birds just as well aa by its quadrupeds. 

The geographical distribution of an animal at the present day by 
no means neeessarily coineidea with ita former extension in space. 
Many species are known which now occupy a much more restricted 
area than they did formerly, owing U> changes in climate, the agency 
of man, or other causes. Similarly, there are species whose present 
area is much wider than it was originally. 

At the present day, naturalists usually adopt the arrangement of 
the dry land into zoological provinces, which was originally pivposed 
by Mr Sclater. In this art&ngement the earth's surface is divided 
into the following six provinces, each of which is characterised 
partly by the presence of a particular "fauna," or cliaracteriatic 
assemblage of animals, and partly by the absence of certain other 
characteristic animals : — 

I. The Palcearctic Province, including Europe, Africa north of 
the Atlas Mountains, and Northern Asia. Among the more charac' 
teristic animals of this province are Bears, Sheep, Goats, Catarhine 
Monkeys, and Pheasants. 

II. The Ethiopian Province, including Africa south of the Atlas 
Mountains, aud Southern Arabia. Among the more characteristic 
animals are the African Elephant, the Hippopotamus, Giraffe, 
Hyrax, AardTark, numerous Antelopes, Baboons, the Lion, and the 
OBtrich. There is a characteristic absence of Bears, Deer, Goats, 
and Sheep. 

III. The Oriental or Indian Province, including Asia south of the 
Himalaya Mountains, Burmah, Siam, Southern China, and the In- 
dian Archipelago (Java, Sumatra, Borneo, &c.) Characteristic ani- 
mals are the Chevrotains, Indian Buffalo, Indian Elephant, Tiger, 
Hombills, Pea-fowl, and Jungle-fowl, 

IV. The A'uetralian Province, including Australia, Tasmania, New 
Guinea, New Zealand, and moat of the islands of the Pacific Ocean. 
Characteristic animals are the Duck-mole and Spiny Ant-eater 
{Echidna), numerous Marsupials, Birds of Paradise, Cockatoos, and 
the Australian Mud-fish {Ceraiodus). There is a remarkable absence 
of most orders of the Placental Mammals, of Vultures, Woodpeckers, 
and Tailed Amphibians. New Zealand is peculiar in not having 
any Marsupials nor Monotremes ; in having no Beptiles except 
Lizards ; and in the possession of the curious Apteryx and the ex- 
tinct Dinornig. 

V. The Nearctic Propinee, including North America down to the 
centre of Mexico. Characteristic animals are the Prongbuck, the 
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Muak-rat, the American Buffalo, Tree-Porcupinea, and the Turkejr. 
The Beaver, Reindeer (CaribouX Sheep, aiid Bears are typee com- 
nion to this and the PaJeearctJc Begion. 

VI. The Neotropical Province, including the whole of South 
AiDericn, Central America, and Southern Mexico, together with 
the Antilles. Characteriiatic animals are the Platyrfaine Monkeys, 
Llamas, Peccaries, Cavies, Sloths, Ant-eatera, Armadtlloe, Trogoiis, 
and CuTossowB. There is an absence of Insectivorous M&mmals, 
Goats, Antelopes, Oxen, Cranes, &c. The Opoesums are common 
to this and to the Nearctic Province. 

Leaving the dry land, we find that even in the ocean animals are 
not distributed at random, but have, on the contrary, a more or lew 
definite range. Without entering at length into this very inter- 
esting subject, two or three of the more important facts connected 
with the distribution of marine life may be stated here. In tJie 
finrt place, certain marine animals affect that poition of the aea- 
ahore which lies between tide-marks, and is therefore more or leas 
completely uncovered twice a-day by the retirement of the tide. 
Technically, naturaliats call the tract between tide-marks the "Lit- 
toral Zone " (Latin, litut, the shore). In the second place, we find 
other animals which do not like to be uncovered by the retiring 
tide, and which live, therefore, just below the limit of low water, and 
usually extend their ran;^ till the sea becomes about fifteen fathoms 
in depth. Within these hmita the great T&ng]e(Lami7iari'i) flourishes 
in profusion, and hence this ia called the " Laminarian Zone." Be- 
yond the Laminarian Zone are other regions of different depths, 
which can usually be recognised more or lesa distinctly by the 
animala which inhabit them. Finally, by the researchea of Car- 
penter, Wyville Thomson, Gwyn Jeffreys, Wallic:}i, Sara, Pourtales, 
Agassia, and other observers, we know tliat the " deep sea " prop- 
erly so called, extending from a depth of 300 fathoms up to at leaat 
.3000 or 4000 fathoma, is tenanted by a vast number of animals, 
constituting a very remarkable and peculiar life-assemblage. We 
also know now, that, ejcept in very limited depths, the distribution 
of marine animals ia conditioned not by the depth of the water, but 
by its temperatwre. Similar forms of marine life are therefore found 
inhabiting areas in which the bottom ■t«mperature is the same, irre- 
spective of what the depth of the water may be. And it niay happen 
that two neighbouring areas of the sea-bottom may be inhabited 
by different assemblagea of animals, in spite of their being close 
together, provided one area is swept by a current of warm water, 
whilst the other has its temperature lowered by the influx of a cold 

Distribution in Tihb. — The distribution of animala in past 
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time, or their " geological distribution," belongs to the Bcience of 
" PcUaontologi/" (Or. palaioi, ancient; onla, beings; loffoi, a, dia- 
courseX and constitutes a subject so vast that nothing more can be 
done here than to iadicate one or two of the most elemental^ coiit 
Bideratioiis relating thereto. In the firat place, Geology shows us 
that a very lai^ portion of the enist of the earth is composed of 
rocks which existed originally in the form of sand, mud, clay, or 
ooze, and which formed the floor of the ocean. Other rocks caji be 
shown to have been originally formed by lakes or rivers, and some- 
times we find what may be regarded as old land-avirfacea or soils. 
These various kinds of rock, in the second place, often contain in 
their interior whftt are called "fossils" or "petrifactions," — in other 
words, the remains or traces of animals and plants which Uved at 
the time when the rocks were in actual process of formation. In 
rocks which have been formed in the sea, the fossils consist chiefly 
of the skeletons of shell-fish, corals, sea-urchins, and other marine 
animals ; in rocks which have been formed in lakes or rivers, we 
have chiefly fresh-water shells and the skeletons of fresh-water 
fishes ; and in ancient soils we find the remains of plants, along 
with air^bi'eathing animals, such as insects, spiders, or quadrupeds. 

We see, then, that animals existed upon the earth fur a long 
period before the appearance of such forms as are now familiar to 
us ; and we have to note, in the third place, that not only are exist- 
ing animals in many cases different from those which immediately 
preceded them, but that the globe has really passed through a suc- 
cession of periods, during each of which there flourished an assem- 
blage of animals more or less peculiar to the period. In the later 
periods of the earth's history, the animals which lived in the sea or 
in lakes and rivers, or.which roamed u])on the land or disported 
themselves in the air, present a general likeness to the animals now 
in existence, though not identically the same. In the earlier 
periods, again, the animals are not only "extinct," or, in other 
words, no longer existent, but they are very unlike any animals 
which we see at the present day, and the older the period the 
greater is this unlikeness. 

We liave, finally, to remember, that though many extinct aninials 
are ao peculiar that we have to place theni in distinct families or 
orders, there is at present no known fossil v hich cainiot be referred 
to one or other of tlie existing mib-kingdomt. W» have therefore, 
BO far as our present knowledge goes, no proof of the former exist- 
ence and disappearance of any " morpholi^ical type." 
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INVERTEBRATE ANIMALS. 



SUB-KINGDOM I. PEOTOZOA. 

CHAPTER I. 



The sub-kiDgdom Protozoa (Gr. proioi, first ; and zoon, an animal), 
as the name impliea, is the lowest division of the animal kingdom, 
and its limits are therefore necessarily not yet strictly defined. The 
Protoioa comprise an enormous number of animals, which are mostly 
so small as to be invisible to the naked eye, and can only be satisfac- 
torily examined under pretty high powers of the microscope. For 
this reason, and because they are almost universally found in water, 
these ci'eatures, often popularly called "animalcules," are almost un- 
known to the majoi-ity of people. The microscopical forms of the 
Protozoa swarm ill most stagnant pools, and in all waters charged 
with organic matter so as to afford them food. Every worker with 
the microscope is familiarly acquainted with them, and they exhibit 
phenomena which in many cases render them objects of the highest 
interest. From their low position in the animal scale, it arises that 
the Protoioa are mainly characterised by the absence of organs imd 
structures which occur in higher beings, and they possess few posi- 
tive characters by which they can be distinguished. 

The Protozoa may be defined as ammals, generally of a very mi- 
TiM/e size, and composed of unmodijied or di^ktli/ modified protoplatm. 
The typical members of the group are " unicellular," the primitine man 
of protoplatm devdopin^ a "n'ucleas," and thus becoming a "txU." 
The " TiTicleui " may, hnieevcr, he absent ; and it is only in the Spongu 
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thai the protoplamn becomei converted into an aggregate of celit. 
There it no definite iTitemal eamtr/ {"body-eavity"), and no nenout 
n/ttem, it developed. Definite digestive organ» are wanting, or pretent 
only in rudimentary form. 

If we eioept the Sponges — which many naturaliHts regard as a 
aeparate diviflion — the Protozoa do not rise, jnorphologicaJly, above 
the condition of which is called a "celL" That is to say, a typical 
ProtozoSn consists of a mass of protoplasm, Huiroanded by a thickened 
layer or " wall," and enclosing a central solid or vesicular body or 
"nucleus," often containing in its interior, or attached to ita exterior, 
a still smaller body or " nucleolus." The outer layer of the proto- 
plasm may, however, remain unchanged, not becoming ditfereutiated 
into a " wall," and the " nudeua " and " nucleolus " may be wanting. 
In such cases, the organism constitutes what is usually caMed a 
"cytode," rather than a "cell." 

On the other hand, in the Sponges the organism becomes "multi- 
cellular," the primitive protoplasm becoming ultimately divided 
into a larger or smaller number of separate "cells." For this 
reason it is not unusual to associate the sponges with the whole 
series of animals higher than the Protozoa, and to apeak of them 
collectively as the Metazoa. 

The substance of which the body of any Prototoifn is composed is 
of the nature of protoplasm, usually very slightly differentiated or 
altered in any way, and commonly known as " aarcode " (Gr. earx, 
ftesh ; eido», form). Viewed nnder the microscope, the sarcode 
appears as a transparent, colourless, or variously coloured viscid sub- 
stance, exhibiting numen>ua minute darker particles or granules 
scattered through it, th^ being probably of a fatty nature. Along 
with these dark grannies and molecules there can generally be ob- 
served a larger or smaller number of variously sized round clear 
spaces, which are known by the name of " vacuoles." Some of these 
" vacuoles " seem to be constantly present ; but many are of mere 
temporary occurrence, and ^ese seem to be merely little drops of 
water included in the soft protoplasm, and sometimes surrounding a 
particle of food. Often one of the vacuoles is not only permanent 
and filed in position, but is much larger than the rest, and is "con- 
tractile," having the power of dilating and contracting at definite 
intervals. This is known as the "contractile vesicle" (fig. 3, A), 
and may, perhaps, be looked upon as a rudimentary organ of circu- 
lation. Sometimes there are two or more contractile vesicles. 

Very commonly the external layer of sarcode composing the body 
of a ProtozoSn is comparatively dense and free from granules, while 
the internal protoplasm is softer and more fluid, and is charged with 
granules and vacuoles. Thus the protoplasm may be distinguished 
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ill many caa^ into an "ectosarc" and " endosarc" In the endoaorc 
in moBt Protozoa is found the solid or hollow body, known as the 
"nucleus" (fig. 3, A), and this may have a still smaller body, the 
"nucleohiH," attached to its external surface, or embedded in its 
interior. The "nucleus" and "nucleolus" hare often been sup- 
posed to have a reproductive function ; but there appears to be in- 
sufficient evidence for this conjecture. " 




ilargea 200 di*iiiat«ra 



Fig. fi.— A, A-naba -proteut, wjth t] 

(sfter L«Iiiy>: n, NiicIgue; c, Conlractlle vesicle; t, One of Clje larger rooa-vacu- 
olu: m, Tlie granular endossm; ec, The transparent ectosarc; a, A cell of an 
Alga taken in aa rood(oUier cellB oT tlie Hma Alga are obliquely shaded). B, 
Aiw^ja jyidloKi, enlarged 5D0 dlainetera (afler Leidy). Tlie 1>o<ly allows two largo 



In one division of the Protozoa (the Iii/tuona) there is a perma- 
nent mouth and a short giitlet, but in all the others there are no 
definite organs connected with the process oTf digestion. In no Pro- 
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totoSa, however, without exception, have any traces of a nervous 
eyatem been hitherto detected ; ajid in none, even in those which. 
poBBeaa a mouth, is there any distinct and definite cavity or chamber 
within the body in which the particles of food are received. No 
organs of seaae (except, perhaps, occasionally very rudimentary ones) 
exist in any of the Protozoa — that is to say, there are no distinct 
organs fitted for the reception of impressions produced by light or 
sound ; but the general surface of the body appears capable of re- 
ceiving the impreBsiims produced by contact with foreign bodies, 
and therefore acts as an organ of .touch. The power of active loco- 
motion is enjoyed by most of the Protozoa; but in some cases this 
is very limited, and in other cases the animal ia permanently fixed 
in the adult condition. The apparatus of locomotion in the Protozoa 
is of a varied nature. In many cases, especially in the higher forms, 
movements are effected by means of little hair-like processes, which 
are called "cilia" (Lat. cilium, an eyelash), and which have the 
power of vibrating or lashing to and fro with great rapidity. In 
other cases the cilia are accompanied or replaced by one or more 
long whip-like bristles, which act in the same fashion, and are 
known as " flagella," Amongst the lower Protozoa the most char- 
acteristic organs of locomotion are the so-called "pseudopodia"(Gr. 
pseudot, falsity ; podeg, feet). These consist of variously shaped 
filaments, threads, or finger-like processes of sarcode (fig. 3), which 
the animal can thrust out from any or every part of its body. They, 
are not, however, definite and permanent organs like the cilia, for 
they can be produced at will, and when they are again withdrawn 
they simply melt into the sarcode of the body, and leave no traces 
of their existenee. 

The three principal groups oi tne Protozoa are known as the 
Gregarinida, the RIfUopoda, and the Infaaoria. The Sponges will 
be here regarded as a special division of the Animal Kingdom, to 
which the name of Porifera may be applied. 

Class 1. Grkqarinida.— The Gregarinida may be defined sa 
parotide Protozoa vjhtch have no moiUh, and have no power of giving 
out pteudopodia. They are usually looked upon as forming the 
lowest class of the Protozoa; but in all probability much of their 
degraded character, as we shall see in other cases, is due to the fact 
that they are mostly internal parasites, and are therefore not de- 
pendent on their own exertions for food. They vary in size from 
less than the head of a small pin up to nearly half an inch in length, 
when they look something like small worms ; and they are found 
living in the interior of various animals, especially the cockroach 
and the earth-worm. 

In anatomical structure a Oregarina usually presents the appear- 
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ance of a single cell, consisting of an illniufined membranoua envel- 
ope, filled with a. more or leas granular sarcode containing fatty 
granules, and having in it a little central bladder or vesicle— the 
" nucleus "—whicli in turn encloses a solid paiticle or "nucleolus" 
fig. 4, a and b). The outer covering or cuticle with which the 



Fig. 4.— Knrphology End dcvelapi 
a StyUtrhynchia oligacantkvg, 
euth-Honn (" moiiocyitidun 



3 »nd * Active tonua of/. All tha figures «k greatly enlBrged. 

protoplasmic body is enclosed may be quite smooth, or it may be 
furnished with bristles or spines, and in some cases even cilia have 
been observed. Beyond the nucleus and nucleolus no definite 
organs have lieen detected in the (iregariius ; and all the processes 
of assimilating food and getting rid of waste or injurious jiroducts 
must be effected by the general surface of the body. As we shall 
see, however, this is common in internal parasites, which ai'e not 
necessitated to live upon solid food, but wliich are enabled to subsist 
simply by imbibing the nutritive juices of their hosts. 

Tlie following ih a brief outline of the proeesa of reproiliiction, as it lias been 
observeil in the Ore^rinas, sonietimes in a single inaiviiliial. sonietinies in two 
in<lividuslH which have come togelher and conij>lel*ly coalesced anil melted 
into one another, Tlie OresaTiitn becomes completely niotioniess, assumes a 
globular form, and develops ronnd itself a thick slructureless coat or envelope, 
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vhen it is snirl to ba " encysted" (Rg. i, c). The nucleus tlien dii»pi>ear!i, and 
tlie sarcode of the budy breaks np into little mmseA, vhich are at tint rounded, 
but iltemards became pointed *t both ends, when they are caHed " pseudo- 
navicell«" (Hg. 4, d). The cyst then breaks and the pBeudonavicelle escape, 
when they give origin to little masaea of sarcoile, which liave the power of 
active maiement and of throwing out pseudnpodis, thus coming closely to 
resemble tlie animalcide whicb will be directly described as the A ma/n (fig. i, 
g and i). These little amteba-like masses, if they find a suitable locality, 
are finally developed into new Qregarina. 
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CHAPTER II. 
KHIZOPODA. 



The next class of the Protozoa which we have to consider comprises 
the most charaeteriatic and typical forma of the whole sub-kingdom. 
The name of Rhizopoda, or "root-footed" animalcules (from the 
Greek, rhiza, root ; and pode», feet), is derived from the fact that 
they all possess the power of throwing out at will from Tarioua parts 
of the body the processes of sai*eode which have been already spoken 
of as paeudopodia, and by which they both move and obtain food. In 
faot^ the Bhizopoda may be shortly defined as Protoioa which have no 
month, and lehick pouesa the power of giving <yut pseadopodia. The 
pseudopodia vary a good deal in shape and in other characters in 



Fig. 6.— Morphology of Jtfmi*™. a Pmlam^a porrecla; b Frobmyxa at 



different orders of the Rhizopoda, but they have invariably the char- 
acter of being nothing more than temporary threads or fiuger-like 
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IB of sarcode, which can be thrust out at will, and vhicJi melt 
again into the substance of the body when they are withdrawn. 

Four principal types of structure are known in the Rkiiopoda, and 
these constitute as many difltinct orders, which are known by the 
names of the Motiera, Amabea, ForaTninifera, and Badiolaria, 

Obdeb I. MoKERA. 

This name has been proposed for a small group of organisms 
which are not only the lowest types of the EhizopixlB, but may be 
regarded as the most elementary forms of animal life known to 
ua. The Jionera are minute protoplaamic organisms in which the 
Barcode-body is neither defended by a thickened external envelope, 
nor furnished with the structures known as the " uucleua " and 
"contractile vesicle." Vacuoles and granules are present in the 
sarcode, and the peeudopodia emitted by the soft and mutable pro- 
toplasm of the body are delicate and thread-like, or may be ramified 
aiid variously interlaced (tig. 5). No hard covering or shell is ever 
developed. The Moners iiiliabit water, and are mostly marine. 

Order II. Amcebba. 

Thin order is characterised by the fact that the pseadopodia are 
mostly blunt and fingtr-lUce in shape, and that the tareode of the 
body contains the Hractwres kno'icrt a* the" nucleui " and " contractile 

As the type of the order may be taken the Am<eba or Proteus- 
animalcule, so called because of the incessant and varied changes of 
form which it exhibits (Or. amoiboi, changing). The .^wwria is a 
little microscopical creature which may commonly be detected in 
stagnant wafer, especially where there is decaying vegetable matter. 
When examined under the microscope, all that would probably be 
seen at first would be a slwpeless or irregularly spherical mass of 
gelatinous, jelly-like sarcode, containing scattered granules. Soon 
the creature might be observed to push out a finger-shaped pro- 
longation of its own substance ; and it would soon be found that 
similar processes or pseudopodia could be pushed out at will from 
almost any point of the body and again retracted within it without 
leaving any trace behind. As a result of this, the form of the 
animal ia constantly changing, and hence its common name of 
Proteus-animalcule (fig. 3 and fig. 6 B). By means of these tem- 
porary processes of sai-code, the Am^ba both moves and obtains 
food. Locomotion is effected in a kind of creeping manner, the 
animal pushing out the pseudopodia in one direction and then 
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pulling the body in the same direction. In the same way, when 
aiiy minute pnrticle of food, such as a microscopic plant, comes 
within ita reach, the Amaiba wraps a pseudopodium round it, and 
then withdrawing the pseudopodium, lodges the nutrient particle 
securely in the substance of the body. It follows from this that 
the AinMba has no permanent month — no aperture, that is, which 
is especially employed in the admission of food. Any part of the 
surface can be pushed out into a pseudopodium, and therefore any 



I 



part of the surface can be extemporised int^ a mouth. The process 
of taking food, in fact, in the Ameeha, has been aptly comjiared to 
thrusting a stijne or any other solid body into a lump of dough. 
The central jiortion of the body of the animal is softer and more 
fluid than the outer layers, and the particles of food, on reaching 
this point, undergo a sort of digestion, and are subjected to a species 
of movement or rotation in the intei'ior of the animal. Each particle 
of food, in the process of being taken into the body, usually carries 
with it a little drop of water; and in this way a number of clear 
spaces are foimed, which are usually quite round, an4 look like 
distinct cavities. These spaces ai^e called " vacuoles " ; but tliey are 
not distinct o:^na of any kind, though formerly regai-ded as distinct 
stomachs. Having undergone digestion, any portions of food which 
may be indigestible or insohible are simply thrust out again through 
the walls of the body. This appears to be effected at one particular 
part of the body ; but there is no permanent aperture for the pur- 
pose. There are no distinct vessels which serve to convey the 
nutritive fluid derived from the digestion ; but there does appear 
to be a rudimentary ot^n by whicS this fluid is driven through 

^ - Ooo>;l^ 



KHIZOPODA. 27 

the body. If we watch an Anu^ (flg. 0, B) carefully, there is 
usually 110 difficulty in observing that every now aiid again there 
appears at one particular pluce a clear spot, " like a window," which 
slowly expands to its full extent, and then usually contracts slowly 
till it disappears altogether. This process of gradual expansion and 
contraction is what is called "rhytlimical"— that is to say, it is 
repeated at tolerably re^lar intervals, perhaps twice a-niinut«. In 
some cases the vesicle, when contracted, remains so for a long time, 
but it always reappears in the same place. It is known as the 
" contractile vesicle " ; and there can be little doubt that it is a 
permanent organ. It is, in fact, a little clear space or cavity in the 
substance of the body, filled probably with the nutritive fluid 
derived from the digestion, and no doubt serving by its contraction 
to drive this fluid to various parts of the body. In its function, 
then, the contractile vesicle of the Amaba is to be looked utton as 
the first indication which we have in the entire animal kingdom of 
that most important organ, the heart. 

The Am/rba possesses no breathing -organs of any kind, and no 
excretory organs, so that tliese functions must be performed by the 
general surface of the body in a manner somewhat the same as tho 
exhalation from the skin which takes place in the higher animalfu 
There are, also, no traces of a nervous system, and no organs of 
sense, and the only other structure of any kind is what is known 
as the nucleus. The nucleus (fig. 3 and fig. 6 «) is simply a small 
rounded or oval, granular mass, and there may be more than oue 
in the same individual. Its function, however, is quite unknown, 
though it is probably connected with reproduction. The meana 
employed by the Amceha to perpetuate the species are various, but 
the only one which need be mentioned is the process by self-division. 
This is what is technically called " fission " (Lat. findo^ I cleaveX and it 
consists in a gradual division or cleavage of the body into two parts, 
each of which tlien becomes a separate and independent individual. 
In some cases this process is slightly varied, a single pseudopodium 
alone being cast olf and becoming a fresh A^rtaha^ but this docs not 
differ essentially from the (oimer. 

Eegarding the Ajtuxha fi-om a physiological point of view, we see 
that, though the animal nourishes itself and maintAins its existence 
perfectly, the process of nutrition is carried on in the simplest pos- 
sible manner, and with the simplest possible apparatus. There is 
no permanent mouth, no stomach or alimentaiy canal of any kind, 
no respiratory or exci-etory organs, and even no distinct aperture 
for the extrusion of indigestible food. The only distinct structure 
which is at all concerned in nutrition is a rudimentary contractile 
cavity, the first foreshadowing of the heart in the higher animals. 
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Aa regards the functions of relation, it is question&ble how far the 
Amoeba can be said to have distinct perceptioDs or eensationa of any 
kind. It has no nervous system or organs of sight or hearing, and 
in all probability it has nothing more than a general sensibility to 
light. It appeara, however, t« be fully aware when any object 
comes in contact with a pseudopodium, and even to have some idea 
whether this is fit for food. Locomotion, 
as we have seen, is entirely effected by the 
temporary processes of sarcode, or pseudo- 
podia, and there are no permanent organs 
set aside either for locomotion or for pre- 
hension — that m, iot seizing external 
objects. 

Many other Ehizopods, more or less 
closely related to the Amaba, liave been 
described. Some of these, though resem- 
bling the Amaha in general structure, and 
in the form of the pseudopodia, have the 
soft protoplasmic body enclosed in a kind 
*" of shell or " test." A good example of 

these ehellfd Ameebea is the little Diffiiigia 
(fig. T), a not uncommon inhabitant of 
fresh water. In this form the body is 
Fis- 1. — Diffiugiit mrVomti; enclosed in a soi-t of shell, composed of 
grently enUijed. (All«red sand -grains and other foreign particles 
fiigbtiy fro.n Cwter.) The cemented together by a kind of homy 
greiimortransparentqiiBrti, secretion. The animal can retire within 
vithiii which ts Che t»n!i)H. its shell, one end of which is open, so as 
le body, ^ allow of the protrusion of the pseudo. 
podia. In walking, the ajiimal creeps 
Contnctiie ve«ioiea. about " beadniown wards," so to speak — 

that is to say, with the closed end of the 
shell elevated above the surface on which it is moving. 

Order III, Foramimifera. 

The next onler of the lildzojioda is that of the Foraminifera, com- 
prising animals which at lirst sight appear to be highly com))lex, but 
which are really less highly organised than the Antaba. The Fora- 
minifera may be defined as BkUopoda in xehick the hodg U protected 
by a tkell or "te»t" ; a nudeut ami contractile vuicle are vnudly 
preierU ; arid the pteudopodia are extivmeli/ long and thread-like, and 
interlace vitk one another to a* to form a network. 

The moat obvious and stiiking character of the Foraminiftra is 
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n outer-case or shell, and for a long time they were 
known to naturalists by their shells alone. An the sliell or f«st is 
usually veiy beautifulanil often very eoniplejt, the Forammifera were 
consequently placed at first amongst the true nhell-fish (^Molht»ca\ 
very much in advance of their true position. When, however, the 
anatomical structure of the group came to be investigated, it was 
soon found that they were really referable to the Proloioa, and that 



Fig. S.-Fmsminifert. oThoBnimsl ot ftfoiiionina, after tlie Bhsll liaa be:n winoved 
by a weak acid; b Grmn/a (atltr Scliulta), showing tlie «bgll aiirrouiideil by i. net- 
work of tllaiiL«nU derived from the body-dubs1anc«. 

in point of fact they even occupy a low position in this sub-kingdom. 
However elaborate and complicated the shell may be, the body of 
the cont(oned animal is comi>osed simply of granular gelatinous Bar- 
code, highly elastic and contractile, and usually reddish or yellowish 
in colour (fig. 8, a). This sarcode not only fills the shell, but also 
in many cases gains the extei-tor by means of little peiforatious in 
its walls, and forms a thin film over it« outer surface. Wherever 
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the sarcod^ is exposed, whether this be only at the mouth of the 
shell, as in Miliola (fig 9, 6), or whether it be over the whole 
Burface, as in Discorbina (fig. 9, c), it has the power of giving off 
pseudopodia. The pseudopodia, however, differ greatly from tboee 
of the Aaneha, and they show aotne remarkable characters. They 
are extremely long thread-like processes, instead of being blunt and 
finger-shaped (fig. 8, 6), and they have the curious property that they 
run into one another and interlace towards their extremities, so as 
to form a network which has been aptly comparetl to an "animated 
spider's web." Lastly, the microscope reveals in the pseudopodia 




e pMmlopodi* protrudort from the oml 
•perture of the sliell ; c fliioirWna (after SehuJ tie), ahowingthenantiloid shell v/ith 
foranihia tn the ohsll-wnlln, giving fsit to psnudopodia: d Section of .Vodosorio 
(sfter Carpenter) ; e Nadosariahi-fida; f ClobigtHna bnUoidis, 

a, very curious circulation of minute solid particles or granules, which 
ti^vel in all directions through the pseudopodial network. Inter- 
nally, the sarcode-body of the Foraminifera is of a very simple 
structure ; but a nucleus and contractile vesicle are usually, if not 
invariably, present. 

Simple as is the sarcode-body of the Foraminifaii, it has in all 
cases the power of secreting a skeleton or shell, which is technically 
called the " test " (L»t tetla, a shell). The shell ia usually " calcare- 
ous " — that is to say, composed of carbonate of lime ; but it is some- 
times " arenaceous," or corajKised of particles of sand united together 
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fii'mly hy a homy cement, and it is in some cases simply membran- 
ous. In rare casea, the shell may be siliceous. In any CEuse, the 
shell may exhibit one or other of two very distinct types of structure. 
In the one type (as in Jtiliola, tig. !), b\ the shell-'nalls are not per- 
forated with holes, and the pseudopodia are therefore all emitted 
from the mouUi m: " oral aperture " of the shell. In the other type 
(as in DiicoTbiita, fig. 9, c), the shell-walls are perforated with a num- 
ber of little apertures or " foramina," from which the order derives 
its name. These foramina are the mouths of tubes which pierce the 
walls of the shell, and thus establish a free communication between 
the interior and exterior. In this way the aarcode which fills the 
inside of the shell is enabled to reach the outer surface, ho as to fonu 
a film, from any part of which the pseudopodia may be given off. 
The ):a:eseuce or abaence of foramina ia believed to constitute a true 
structural distinction, and the Foraminifera may be thereby divided 
info two great and natural groups {Perforata and frnperforala). 

According to the form of the shell, also, the Foraminifera may be 
ccaiveniently, though arbitrarily, divided into two sections. The 
simplest form of shell is seen in such an example as Lagena (fig. 9, 
a), where the shell consists of but a single chamber ; and the animal, 
in fact, is nothing more than a little mass of aarcode, surrounded by 
a calcareous envelope. Lagena, then, may be taken as the type of 
what ai* called the "monothalamous" Foraminifera (Gr. ntmtos, 
aingle j thalamoi^ a chamber) — that is to say, of those forms in which 
the animal consists of a single segment, and the shell of a single 
chamber. All the Foraminifera, without exception, commence life 
as " simple " or " monothalamous " forms, like Lagena, but it is com- 
paratively seldom that they retain this simplicity tiiroughout life. 
In the great majority of cases the primitive mass <rf sarcode under- 
goes constriction or segmentation, according to a determinate law, 
the segments thus produced remaining iu organic connection. In 
thia way we get ultimately a compound organism, composed of a 
number of little masses of sarcode, all permauently united te one 
another, and all enclosed in a common shell. In this way are pro- 
duced forms like Nod^>saria (fig 9, d, e), which may be regarded as 
a good example of these so-called " compound" or " polythalamous " 
Foraminifera (Gr. pol-as, many ; thalmnfit, a cliaraber). The exact 
form of shell which is produced by this proceaa will depend upon 
the direction in which the segments are given off by the primordial 
segment. If the aegments are developed in a line, we get such 
a form as Nodoaaria. If they are given off in a spiral direction, 
each succeeding segmeut being a little lai^r tlian the one before it, 
and the coils of the spiral all lying in one plane, then we get such a 
shell aa Bufcorbina (Rg. 0, c). This is one of the commonest foima of 
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shell amongst the Foraminifera, and it is often called the "nauti- 
bid " shell, from the close resemblaDce which it bears in shape to the 
well-known shell of the Pearly Nautilus. It was, in fact, this ex- 
ternal similarity which induced the older naturalists to place the 
Foraminifera amongst the Mollvsca in the neighbourhood of the 
Cuttle-fishes. There are numerous other types of shell, all of which 
can be referred to the manner in which the primordial segment 
becomes constricted or Begmeiite<l ; but the two forms above men- 
tioned may be taken as sufficient examples. It may be mentioned, 
however, that there are forms in which the new segments are added 
in a very irregular manner, and the resulting shell has no very defi- 
nite shape. 

The great majority of the Foraminifera are inhabitants of the 
sea, and thej are mostly very minute. A few living forma may 
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reach a quarter of an inch, half an inch, or even more than an inch 
in diameter. The commoner forms may usually be found by ex- 
amining with a lens the sand of the sea-shore in places where there 
is a large intermixture of broken shells and fragments of other 
marine animals. Many-forms live iu the open ocean floating near 
tlie surface of the water. Others live on the bottom of the sea up 
to the greatest depths which have yet been examined by the dredge. 
At great depths in the sea — depths, it may be, of over two or three 
thousand fathoTns — the bottom is often found to be covered with 
a. whitish clialky mud, which is seen under the microscope to be 
almost entirely made np of the sheila of various Foraminifera, and 
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especially of the aliells of Globig^na (6g. 10), The name of 
"Globigerina mud " ia often given to this deepaea ooze, and it ia 
remarkable as having a dose resemblance to the veil-known White 
Chalk. Thua, if we examine chalk under the microscope, we find 
that it is also composed to a large extent of the shells of Foram- 
inifera, and especially of the sheila of Globigerina (flg. 11). We 
may therefore regard the " Globigerina ooze " of the deep Atlantic 
and Pacific as a modem representative of the great geological 
formation known aa the White Chalk— a formation which may be 
many hundreds of feet in thickness, but is ueverthelesB principally 
made up of the accumulated shells of these minute organisms. 
Many of the massive limestones of the earth's-crust are, in like 
manner, Lirgely made up of the shells of Foraminifera. A striking 
example of this is found in the so-called "Nummulitic Limestone," 
which owes its name to the fact that it is largely made up of the 
coin-shaped shells of a large Foraminifer, termed the Nummulite, 
Nummulites (fig. 12) vary in size from the size of a split pea up to 
an inch in diameter, and they are now almost wholly extinct. 




Fli;. 12, — Namjaulites l(cptfftiius^ 

The S nnimalitic limeiitone atretches ^m France on the weat to the frontiers 
of China OP the east, and ia almost everywhere readily reco^i sable as a dis- 
tinct formation. It attains in places a thickness of several thousand feet, and 
ia especially largely developed in the Alps. It has an historic interest from 
the fact that the T^mids are huilt of it, and that the N'unimulites in it were 
noticeil by Herodotus, "the fother of history." 



Order IV. Badiolarij. 

The tliird order of the Rhizopoda is that of the Itadiolaria, essen- 
tially distinguished by the fact that the sarcode-body has generally 
the power of secreting a " siliceous " or flinty skeleton, either in 
the form of a shell, or of detached spicules or needles ; whilst the 
pseudopodia are long and thread-like, and stand out from the body 
like rays. In this last character the Sadiolaria approach very 
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clMelj to the Foram.iuif«ra ; and the reeemblance between the two 
groups U still further increased by the fact that the peeudupodia 
often run into one another bo as to form a oetwork, and sometimes 
show a circulation of granules along their edges. There is generally 
a central capsule surrounded by a layer of sarcode exteriorly, and 
the latter usually contains coloured celts, A contractile vesicle is 
usually wanting. Four principal groups of organisms have been 
described as belonging to the Radiolana, and we may briefly notice 
an example of each of these. 

In the first family we have organisms like Acanthymetra (fig. 
- 13, a), in which tlie body is composed of sarcode, supported by a 
framework of siliceous or flinty rods, which all meet in a common 
centre. The spines or rods are all perforated by canals, and each con- 
veys a pseudopodium, which is protruded from an aperture at ita 



one of the PDjj(c]/»li™ (aflei- M[iller> 

apes. Many pseudopodia, however, are given off from the surface 
of the body directly, and are not enclosed in the spines. The Acan- 
tkometra are all minute, and are found floating near the surface in 
the open ocean, sometimes in great numbers. 

In the second family {Fol^c^itina, fig. 13, b) we have a number of 
beautiful little organisms allied to the Foraminifera, but differing in 
the fact that the body is enclosed in a glassy shell composed of flint. 
The shell is perforated by numerous holes through which the pseudo- 
podia are emitted, and it is usually of extreme beauty, being sculp- 
tured in various ways, and often adorned with spines. The sarcode 
of the body is usually olive brown in colour, and often does not 
quite fill the shell. 

The pseudopodia are filamentous, and exhibit a slow circulation of 
granules along their borders, but they do not run into one another. 
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All the Polt/iystina are microHCOpic, and the; are all inhabitanta of 
the sea. They are best kuowa lo studenU of the microscope as 
tbe " Fossil Infusoria of Barba- 
does" (iig. 14), as they occur in 
incalculable numbers in a sand- 
stone in that island. 

They are, however, in no way 
related to the " Infusoria " pro- 
pei-ly so called, having much 
stronger affinities with the For- 
amimfera. We know, also, now, 
that deposits of the flinty shells 
of these beautiful microscopic 
orgajiisms are in process of for- 
mation in our oceans at great 

in the third family {tolloioa) .. B»rh«does E«rth," greatly nmgniflea. 
are included a number of eingu- (Origins! ) 
lar gelatiuons organisms which 

may be as lai^e as an ordinary marble, but are often har<lly visible 
to the unassisted eye. They are found floating passively at the sur- 
face of roost seas ; and they may either have no skeleton, or may 
ttecrete a flinty framework, which may give rise to a fenestrated 



shell, as in Collosphiera (fig. 15, a), or may remain in the form of 
scattered spicules, as in Spluerozowm, (fig. 15, h). In TkalaiticoUci 
the skeleton is wanting. 

A fourth feimily has been constituted under the name of Hdiozoa, 
for a number of singular and beautiful microscopic oi-ganisnis, which 
mostly occur in fresh water, and which cannot be regarded as typical 
Badiolarians, though more closely allied to this group of the /Vo- 
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tozoa than to any other. In these forms (flg. 16) the body U pro- 
vided with long filamentooa paeudopodia, which stand out like rays, 
and which may anafrtomoee with one another. The body may be 
quite soft, B3 in the common "Sun-animalcule" {Actinophryt), but 



there may be, and often are, delicate spines of flint rridiating from 
the central aarcodic maaa, and there is sometimes a regular siliceouB 
skeleton. ' The Hdiozoa are further tumiahed with the structures 
which are known aa the "contractile vesicle" and "nucleus." 
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CHAPTEE III 

INFUSOEIA. 

The Infusoriau Anim&lcnlea are minute Pmtoioa of almost universal 
distribution, abounding in almost all collections of freeb or salt 
wat«r in which organic matter may be present. They commonly 
have the power of becoming "encysted," and of remaining dormant, 
when deprived of water or of other conditions necessary to their 
active exiatence, the external layer of the body forming a kind of 
case within which the soft central protoplasm is enclosed. Their 
desiccated bodies, or their similarly desiccated germs, may thua be 
carried through the atmosphere from place to place, and may at any 
moment pass into a condition of active life, if they should meet with 
favourable conditions. Heuce, whenever water containing organic 
matter in solution is freely exposed to the air, it will almost cer- 
tainly be found to be charged with a larger or smaller number of 
these minut« organisms. It is for this reason that the name of 
Infusoria was originally applied to this group of the Protcaoa ; it 
having been observed that "organic infusions" — t'.e., water in which 
an animal or vegetable substance had been boiled — very commonly 
came to contain Infusorian Animalcules after exposure to the air 
for a limited period. 

Morphologically, the Infusorian Animalcules are unicellular ani- 
mals, consisting of a primitive mass of soft protoplasm, provitled 
with an outer membranous wall, and furnished with one or more 
nuclei. Very usually the outer wall of the body is pierced by a . 
definite oral opening; and they are sometimes for this reason collec- 
tively spoken of as the "atomatode," or mouth- bearing. Protozoa. 
There are, however, certain groups of the Infiuoria in which there 
cannot be said to be any proper mouth. 

There are two principal groups of the Infuioria, known as the 
Ciliated lufusorians and the Flagellated Infusoriana ; the former 
(fig. 17, A, B, C) having the external surface covered with vibratii^ 
cilia, in part or wholly ; whilst the latter (fig. 17, D and E) have one or 
more long laah-like filaments or "flagella," and are usually destitute 
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of cilia. There ia a third Bmaller group— the Suetoria—m which 
the body is furnished with coutractile tentacle-like filaments, which 
end in little discs, and are used as sucking- tubes. It will not be 
necessaiy to do mnre than mention the Suctorial Infusoria here ; 
but the two groups of the Ciliata and FlageUata require more 
detailed attention. 




ig. 17.— Ciliated and Plagellal^ Infusoris. A, Buraarii 
tiiji«B. B, Nycti^thtrat coMi/brmiB, cnlari^ 1^0 timi 
enlarged ISO times. D, Ccrotium Irli«i, eulirged 290 ti 
BinKle Sagellum. K JVoiiDsiint angualala, enlarged ! 
Cnntmctile veaicle ; / Flagellimi ; n MernlimnouB colli 
the tagellum. (After, or copied froiu, SaviUe Kent.) 



imcaUlla, enlarged SO 



The Ciliated Tnfutoria may be defined as Protozoa whicli are pro- 
vided with a moath, and itsaally a iliort guUet and a dittiaict anus. 
Their bodiet eonsiit of loft aemi-Jluid protoplasm {" endoplaam ") en- 
dosed byamore or less complex exte-ntal layer ("argpfewni"); and 
the external turfaee is partly or wholly covered with vibrating cilia. 
They are mostly simple fifee-swiraming oi-ganisma ; but they some- 
times form colonies by budding, and are flxed to some solid object 
in their adult condition. As types of these two sections of the /n- 
futoria, we may take respective'y Parairtcedum and Vorticella, 
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ParmitaeiKm (fig. 18) is a beautiful slipper-shaped little creature, 
which may be found commonly ill atagnant waters or in artificially 

prepared infusiona. The body is neatly quite tranaparent, and cou- 
Bista of tliree layers— 1, a structureless, 
transparent, external film or pellicle, 
called the "cuticle" ; 2, a central masi 
of wrft semi-fluid sarcode which receives 
the particles of food; and 3, an intermedi- 
ate layer of firm and consistent sarcode, 
which is called the "cortical layer" 
(Lat, cortex, bark). The external mem- 
brane or cuticle is richly covered with 
minnte vibrating bairs or cilia, which 
in this particular type are of approxi- 
mately equal length, and are arranged 
in cloee-set longitudinal rows. In many 
of Oie Infusoria, however, the cilia in 
the seighbourhood of the mouth are 
much longer than those covering the 
general surface. The cuticle is also per- 
forated by the aperture of the mouth, 
which is contiuued iuto a short funnel- 
shaped gullet (fig. 18, m g). The gullet, 
however, is not continued into any dis- 
tinct stomach, but opens directly into 
the soft semi-fluid sarcode (endoplasm) 
whicli constitutes the central mass of 
the body. The particles of food on 
passing through the gullet are directly 
received into the central mass of dif- 
fluent sarcode, where they undei^ a 
kind of slow circulation or rotation. 
As in the case of the Amaha, each par- 
ticle of food generally carries with it 
a little water, so that the appearance is 
oroduced of a number of little clear 

Ftg. IS.— ParaiuHriiin, vi?w«l dnnsll;, and grutly mBgnlfled. m MDaCh; m to D 
Oullet; nAnns; ci' and cc The contnctile vesicles; I, II, Ill.CansIa proceeding 

preraion <" v«tibu1e ") leading to thf iiinuth. Tlie arrowa Indicate the conne In 



spaces in the central sarcode. These are now called vacuoles, or 
food-vacuoles ; but they were originally described by Ebrenberg, the 
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famous Pnusian microBcopist, as so many distinct stomachs, in conse' 
quence of which he named the Infu»oria tha Polygattriea (Gr. point, 
many ; and gantei; stomach). The vibrating cilia which clothe the 
surface of Paramcecium serve partly to drive the animal rapidly 
through the water, and partly to set up currents by means of which 
food is conveyed to the mouth. All the nutrient particles obtained 
in this way undei^ tlie circulation in the central sarcode above 
spoken of, where they are partially or completely digested. The 
indigestible portions (£ the food are got rid of by a second aperture 
(anu*) plactKl near the niouth (fig. 18, a). The only other organs poe- 
sessed by Paramiecium are the so-called nucleus and nucleolus, and 
the contractile vesicle (or vesicles), all of which appear to be situated 
in the coitical layer of the body. The nucleus is a little solid body, 
composed of an external membrane, with gnmular contenta, and 
having the nucleolus (or paranucleus) firmly attached to ite exterior 
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in the form of a little spherical particle. The nucleus and nucleolus 
used to be regarded as corresponding with the reproductive organs 
of the higher animals ; but this view is now known to be without 
foundation. The contractile vesicle has essentially the same struc- 
ture as in the Amceha. It is a little wall-leas space in the proto- 
plasm, which is filled with a transparent fluid, and contracts and 
dilates at intervals. Sometimes it assumes a stellate form (flg. 19, 
A), or irregular radiating canals can be traced proceeding from it ; 
while a communication with the exterior has been stated to exist in 
some cases. Not uncommonly two vesicles are present. It is not 



improbsble that the contractile vesicles should be looked upon as 
coi-responding with the water-vesaels of the lower groups of Worms, 
and as having the function of excretory, rather than of circulatory 
organs. 

Reproduction in Paramecium may be effected Him]>ly by trans- 
verse cleavage or fiaaion of the body into two portions (fig. 19, B). 
. In other cases "conjugation" of two Paramacia takes place. In 
this process two individuals come together, and adhere cloeely to one 
another by their ventral eurfaces, in such a way that they present 
the appearance of a single individual undergoing longitudinal fission 
(fig. 19, C). Partial fusion of the conjugating individuals takes place, 
and the nucleus and nucleolus pass through certain curious changes. 
Ultimately, the conjugating individuals separate again, and each 
probably then undergoes repeated fission, and thus gives rise to fresh 
ParaTiuKcia. 

As a common and beautiful example of the Stalked Itifvsoria, we 
may take the so-called Bell-animalcule ( Vorticella, fig. 20, C), which 



may be found in any stagnant pool attached to the stems of aquatic 
plants. The body in Vorticella forms a kind of cup or "calyx" sup- 
ported npon a long stalk, which is in turn fixed to some solid object. 
The stem contains a contractile fibre in its interior, and the animal 
can by this means push itself out or coil itself up with the utmost 
rapidity. The vibrating filaments or cilia are not scattered over the 
whole surface of the bell-shaped body, but are collected to form a 
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kind of fringe or circle round th» mouth of the calyx. Nearly in the 
centre of thia ring, or on one side, is placed the apeiture of the 
mouth, which leads hy a abort gullet straight into the central soft 
Barcode of the interior of the hody. A nucleus and contractile veaicle 
are also present, so that in the essential points of its anatomy Vorti- 
cella does not differ from a free-swimming Inf usoiian such as Para- 
mmcium. Indeed, a transition between the two forma is found in 
the ao-called Truro pet-animalcule or Stenior (fig. 20, A), which can 
detach itself and swim about at wiU, at the same time that it is 
ordinarily fixed by its thinner extremity to some solid object. In 
Vaginic<ia (fig. 20, B), again, we have an animalcule closely related 
to Stentor, but having the hody protected by a homy or membranous 
sheath. 

The group of the Flagellated Infiuoria is distinguished from that 
of the Giliafa, by the fact that Ike body it furnished imth one or more 
long lath-liie filamenti or fiageUa^ usaally vrithoiU any eilia. A 
Hudeut and contractile vesicle are pretfnt. The ilagella of these 
singular Infusorians are the main locomotive organs, serving by 
their lash-like movements to drive the animal through the water, 
aa also to set up currents by means of which food is brought to the 
organism. In many uistnnces, the latter ia their principal func- 
tion, as the animal is fixed by a stalk in ita adult condition. A 
few forms have a mouth {e.g., Ea/jlena); but moat have no distinct 
oral aperture, the inception of food being limited to a definite dis- 
coidal area surrounding the base of the flagellum. This area is en- 
closed by a delicate membrane, which is prolonged upwards round 
the lower part of the flagellum as a kind of cup or " collar " (fig. 17, 
E). The movements of the flagellum produce a kind of miniature 
whirlpool inside the collar, and the anitnal is thus supplied with food. 
These "coltar.bearing" Infusorians poaaess, aa will be aubaequently 
seen, a striking resemblance to certain of the cella which form the 
body of a sponge. A number of the Flagellated Infuaoriana poesesa 
a limited number of cilia, in addition to the flagellum. This is the 
case, for example, in the curious forms known as Peridinium and 
Ceratium (fig. 17, I>), in which the body is enclosed in a kind of 
homy shell with long projecting processes. 

In their internal stnicture, the Flagellated Infusorians do not 
differ essentially from the Ciliated forms. They occur both in 
fresh and in salt water, and often form colonies. They are mostly 
of very minute size ; and it is difRcidt to separate certain forma from 
certain groups of plaiita i^AlgiB). 
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CHAPTER IV. 

POKIFEEA (SPONGES). 

Oriqihallt regained as being of a vegetable nature, the Sponges 
are now universallj admitted to be animals ; and are by many 
naturalists associated with the Sea-anemones and Corals {Ccdmiter- 
ata). They have, however, many remarkable points of relationship 
to the typical Frotoioa, and particularly to the Fla^llated Infaaoria. 
TJp9ii the whole, therefore, it may be as well to treat them here as 
a special group, intermediate between the Protozoa and Cteteaterata, 
under the name of J'orifa-a. 

The Sponges may be defined as viuhirellular protopUismic matiet, 
xipported in laott cages hg a framevjori of hoTny Jibies or of caU 
careoia or flinty iieedlet, and traneraed bi/ eanalt which open on the 
surfaee, aTtd are dilated at inlervali into chambert lined In/ flagellate 

In the first place, then, a Sponge differs from the typical Protozoa, 
and agrees with all the higher animals {Metazoa), in the fact that 
the body ia multicellular, being composed of a vast number of 
separate protoplasmic units, which may be termed " sponge-par- 
ticles " or "sarcoida," and each of which Inay be regarded as being 
a single cell. In the second place, this protoplasmic aggregate is 
almost always, though not invariably, strengthened and endowed 
with a definite form, by the presence in it of a "skeleton," consist- 
ing of homy fibres, or of " spicules " of lime or silica. In the third 
place, the entire organism is traversed by a complicated "canal- 
aystem," which opeuB on the surface by two sets of apertures 
("pores" and "oacula"), and the branches of which are dilated at 
intervala into "ciliated chambers," There is no distinct mouth, 
no digestive system, no circulatory or definite nervous organs, and 
no body-cavity ; but we must consider in greater detail the char- 
acters and structure of the " sponge-fiesh," the "skeleton," and the 
"canal -system." 

If we take the ordinary homy sponges of commerce, what we 
call the "sponge" is, of course, nothing but the iteletoa of the 
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sponge-colony, comprised ot innumerable horny fibres interlaced 
into a continuous network, in such a. way as to leare innumerable 
halea and canals between its bundles. In the living condition, the 



rij. 21.— structure it Spongida A, Vertical »ection ol Uie ottWr layer of Hali- 
aarca lobutaritj a Sponge Id whJcfa the ekelct^m la wHnting* enlarged T& Umv* 
(after F. B, Bchultie): pp "Pons," or openinga oF InhHlsnt eanala bjr which water 
is conducted to tlie ciliated clismbers (a a) ; e Commeneement ot a larger eihal- 
ant canal, conducting from th? ciliated chamtierH to the deeper canala, by which 
the water u flnall; carried olT to be expelled from the "Dscula": ;« Young stagei 
ot the reproductive bodies or spores. B, Fart or a single ciliated chamber ot the 
name aponge, transversely divMed, and enlarged SOO diainetern (aft*r Seville Kent), 
KhowiTig the flagellate cella or " sponge. partlelea," with their Inwardly directed 
Ragela. G, A single flagellate coll of the same, still further enlarged : /Flagellum; 
m Collar ronnd the base of the flageUam; n Nuclear; c Coutractjle vesicle. 

whole of tnis skeleton is covered externally and internally with 
a soft protoplasmic material, which has been often tenued the 
" sponge - flesh," as it represents the soft parts of the sponge. 
Examined microscopically, the "sponge-flesh" is found to be com- 
posed of an enormous uumbHr of minute protoplasmic bodies or 



Coosic 



PORIFERA (sponges). ^5 

cells— the "eponge-partidM" or "sarcoids" — which differ in their 
characters in different parts of the sponge. Some of the spouge- 
partides are very like Amabm, since they consist of little masBM 
of granular protoplasm, furnished with a nucleus, and capable of 
throwing out pseudopodia (fig. 22, C), by means of which they feed. 
In the outer layer of the sponge, these sponge -particles may be 
arranged so as to form a kind of membrane; and at other times 
they become more or less coalescent, giving rise to a common gelat- 
inous matrix, and losing their separate distinctness. Other sponge- 
particles, again, instead of being like AmcAa, are closely similar 
to those Flagellate Infatoria which posaesB a collar round the 
fUgellum. These flagellate sponge-particles (fig. 21, C, and fig. 22, B) 
possess a nucleus and one or more contractile reeicles, and they are 
arranged within the so-called "ciliated chambers" (fig. 21, a a) of 
the canal-system. 

The entire aggregate t^ sponge-particles is so arranged as to be 
traversed by a series of canals, which convey water in and out of 
the oi^ianism, and are connected with respiration and the procuring 



Hg. !S.— A, Pnrtinn of Ortmtia, highly mignllled, ihowlnt; tlia iplcnlaa and Uw 
gponga-pirllclej. B, A aingls aponge-rartlcle of Croniia comprMsa, gisstly eulargeil, 
showing the memlirHnmu dolUr (a), the (lasellum (/), tlic contractile VHiclw 

pseudopodia ptotiuded and without the BsgeUum, greally enlanjed. (B and C an 



of food. Looking at the skeleton of the dried sponge, the most 
obvious sign of the existence of this "aquiferobs system" that we 
see is the presence of one or more large openings (fig. 23, A), to- 
gether with a vast number of much smaller aperturesB. These latter 
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are termed the "porea" ; and though permanently present in the 
skeleton, they are only temporarily present in the eponge - flesh, 
being produced afresh, when required, a« openingH between the 
sponge-particles which form the out«r layer of the sponge. The 
"pores "are the external opunings of a series of canals which 
ramify in every direction through the sponge, and which are <isually 
called " inhalant canals," as it is through these that the outer water 
is conveyed into'the interior of the sponge. The "inhalant canals" 
ultimately open into a second series of canals, which convei^e to 
form one or more large tubes which open on the surface by a corre- 
sponding number of large apertures. These large tubes carry the 
wat«r out of the organism again, and they are hence called "ex- 
halant canals " (flg. 21), while their surface-openings are the ",oscula." 



Fig. 2a. — A, JiinrUa ptlyfoida, a flbrom sponge ahmrlug oaciiU md poret B, 
S^oaivira cUiala, a lalcireoua apongo, eniargsd, ihowlng Uie nisgle teniiinil otea- 
luiii. (After Sflhmidt.) 

The "oscula" are permanent (fig. 23, A), and are often placed on 
chimney-like elevations. If there is only one osculum, it is placed 
at the apex of the sponge (fig. 23, B), What we usually call a 
sponge may consist of only a single excretory opening or " OBCulom," 
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together with the pores belonging to this (fig, 33, B) ; or it maj 
consist of a ki;ger or smaller nun)1:>er of such " oscula," each with its 
proper complement of "pores" (fig. 23, A). In the latter caae, 
there is produced wh»t is commonly called a "sponge-stock." 

In a living sponge, in its active condition, a circulation of water is 
kept up throughout the organism by means of this canal-system. The 
water is admitted by means of the " porea " (fig. 21, A,pp),iB driven 
into the interior of the sponge, and is finally expelled in steady 
streams from the osculum or oscula. The mechanism by which this 
circulation of water is effected was long unknown. It is now known, 
however, that the circulation of water is maintained by the vibra- 
IJonB of the flagella, with which we have seen certain of the sponge- 
particles to be provided. In some cases, the entire system of water- 
canals seems to be lined with these flii^llat^ sponge - particles. 
More commonly, the " inhalant canals " are diLit«d at intervals into 
globular chambers (fig. 21, A, a a), which are lined with flagellate 
aponge-eells. These sponge-particles are so arranged that all their 
flagella point inwards into the centre of the chamber (fig. 21, B), and 
in their structure they precisely resemble Plagellate Infusoria. The 
flagella within these so-called "ciliated chambers" all work towards 
the interior of the sponge, and thus supply the motive power needed 
for the keeping up of the water-currents. By means of these water- 
currents the organism obtains oxygen, and gets rid of waste matter ; 
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while the individual sponge -particles appropriate the minute par- 
ticles of nutrient matter which may be carried i. 
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Such, then, are the general phenomena exhibited by auy Bponge, 
and the principal point which still remains for consideration is the 
nature of the hard structures which form the "skeleton" of the 
Sponges. Some sponges (such as Jfalisarca) have no skeleton ; aiid 
when a skeleton, is present, it varies much in its constitution. In 
the sponges of commerce {Euipongia) the skeleton consiBta solely of 
hollow horny fibres, which are interlaced with one another 80 a« to 
form n close reticulation. In many other common sponges, a homy 
skeleton is also present, but it is associated with, and sometimes 
largely replnced by, microscopic needles or "spicules" of flint. 
These spicules (iig. 24, B) are of very various shapes in different 
sponges, and they may be either scattered through the sponge-flesh, 
or contained in the interior of the homy skeleton- fibre, which they, 
often extensively replace. In the so-called "Siliceous" Sponges, or 
" Glass Sponges," no homy fibre is developed, but the whole skele- 
ton is composed of spicules of flint, which are often soldered to- 
gether so as te form a continuous framework, which looks like 
a lattice of spun glass. The beautiful Venus's Flower - basket 
(EvplectelUt) and the Bird's-nest Sponges (Iloltenia) are examples 
of such sponges. Lastly, in the so-called 
* "Calcareous Sponges," such as Grantia{&g. 

22, A), the skeleton is composed of aggre- 
* gated, but disunited, spicules of linte, in- 

stead of flint. These spicules mostly have 
a characteristic three-rayed form. 

XAa regards the repnxluctiTe process in the 
Sponges, it will be Buf&cieat to state very brielly 
the leading phenomena which have been observed 
in the Fresh-water Sponge {Spotyilla fiaviatUit). 
If a specimen of ^><mffilla be observed towards 
" the approach of winter, its deeper portions will be 

'ound to be tilted with nnmerous small rounded 
" bodies like seeds, which have been called "gem- 

Fig, 25.— aGeinmiileof^wn- mules." Each gemmuie (tig, 25, a b) exhibits at 
gUla! h Hiluin; b Dia- one point a small aperture or "hilum"; aiid is 
gnuibiBllc section ot the fgumj to be composed of a leathery membrane, 
geinmals, Bliowing tlia out- gqrroniided by a layer of saroode, in which are 
erigyer ot aniphiaises ana .... . - . , —, . , 

the inner inasH of cells ■ e s'"''*''''?'' * number of spicula. These spicula 
One ot tlie smphidiscs seen ^'^ called "amphidiscs," and consist each of a 
in prolllc, central rod or ax'e carrying a toothed wheel or 

disc at each end (Iig. 25, c). In the interior of 
the capsule thna formed is a mass of cells, of which the central ones contain 
nameroua reproductive germs. When the spring comes, these massea are dia- 
charged into the water through the aperture or hilnm of the gemmqte, and 
become developed into freah Spongillte. The above is a non-aeinal method of 
reprodnction ; but it is believed that most of the marine Sponges exhibit sexnal 
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reprodnction also, and are capable af prodncing at certain seasons eggs or ova, 
and Bperm-celli. The impregnated ova develdp theiaselves into embrycw, 
wtiicli are provided witb nnmeToas cilia by means of which they swim aliaut 
^eely. Finally, upon Hnding a, suitable locslity, ths; lix themselves to some 
solid object, loee their cilia, and gron np into the fiied adult. Indeed, as a 
general if not universal rale, the embryos of the sponges are provided with 
cilia, and are thus capable of active locomotion. la this way is secured the 
eztenaion over a wide area of these otherwise hied and plant-like organiama. 

Ab to the distribution of the Sponges in space, the common 
^ptmgUlm and certain allied types are known as "fresb-water 
sponges," as thej occur in lakes and rivers ; but most sponges are 
inhabitants of the sea. The common Homy Sponges are mostly 
foTmd attached to stones or other foreign objects between tide- 
marks, or in comparatively shallow water. Certain singular types 
(Cliona) burrow into shells, in which they form winding and 
branched tunnels, but the mechanism by which this is effected is 
not clearly known. The Glass Sponges axe all marine, and are 
mostly found at comparatiTely great depths in the sea, being often 
anchored to the mud or sand at the bottom by longer or shorter 
root-fibres of flint Lastly, the Calcareous Sponges are all marine, 
and are mostly confined to shallow water, or live between tide- 
marks. They are all small in point of size, and delicate in texture. 
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SUB-KINGDOM II. CCELENTERATA. 

CHAPTER V. 

1. Characters of the Sub-Kinodom. 2. Divisions. 

3. GeMERAL CHARACTBIie OF TBB HtDKOEOA. 

4 Explanation of Technicai. Terms. 

The second great primary division or sub-kingdom of animals is 
that of the CalefiiercUa or " hollow- entrailed " ftnimiilH (Gr. toU^Oi, 
hollow i enleroa, intestine). This sub-kingdom embraces the Sea- 
anemones, ConUs, Sea-jellies, Sea-firs, Sea-pens, and other allied 
animals, all of which are characterised, amongst other things, by 
having their bodies built up of parts which are arranged in a more 
or less star-like or " radiate " manner. Hence tliese creatures were 
long known as "Kadiate Animals." So many other animals of 
different kinds were, however, included in the old sub-kingdom 
Radiata, that naturalists have generally abandoned this term. Most 
of the Ccelenterate animals would come under the popular term of 
"Zoophytes" or plant-animals (Gr. zoiin, animal; pkutort, plant), 
from the external resemblance which many of them bear to plants. 

The Calenterata may be defined as radiaUif tyrametrical animaU, 
ill which the month opeiui ittto a simple or variously divided ^ace, 
lekick represents the alimentary cavity of the higher aihimal». Thit 
internal space may or may not be divided into tiuo portioti* — oju 
specially connected iviih diffestion, and the other corretponding tciih 
the body-cavity of the higher animals. The body-wall is composed 
of two fundamejital layers (the " ectoderm " and " endoderm"). The 
nervous systevi ts represented by diffitsed gajiglion-cdls, or sometijnes 
by a eimple nerve-rinff ; hat there are no circulatory organs. Dviinct 
reproductive organe are present at tome period or another of life ; but 
non-sexual reproditction. is very general. 

The leading feature which distinguishes the Cml^Uerata, and the 
one from which the name of the sub-kingdom ia derived, is the 
peculiar arrangement of the digestive systenu In the Protozoa, as 
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we Lave seen, a mouth is onlj present in Bome groups, and is uo 
caae is there any definite internal cavity bounded by the walls of 
the body, to which the name of " body-cavity " or " somatic cavity " 
could be properly applied. In most of the higher animals, ou the 
other hand, not only is a permanent mouth present, but the walls of 
the body enclose a diatiuct and permanent chamber or body-cavity. 
Further, in most cases the mouth opens into an alimentary or diges- 



ternal line ; tbe endodenn (^) by the tliln line and Che jigiace between tlut uid tliB 
ectoderm. 

tive tube, which is always distinct from the body-cavity, and never 
opens into it, usually passing through it to open on the surface by 
another distinct aperture (the anua). In most cases, therefore, the 
alimentary canal is a tube which communicates with the outer world 
by two apertures — a mouth and an anus — but which simply passes 
through the body-cavity without in any way communicating with 
it In the Codenterata the condition of parts ia intermediate in its 
arrangement Tliere is a distinct and permanent raouth, luid there 
is a distinct and permanent cavity enclosed within the body-walls, 
but the mouth opens into, and thus communicates freely with, the 
latter. In some cases the mouth opens straight into the general 
body-cavity, which then serves as a digestive cavity as well (fig. 28). 
In other cases there intervenes between the mouth and the body- 
cavity a short alimentary tube, which communicates externally with 
the outer world through the mouth, and opens below by a wide 
aperture into the general cavity of tlie body (fig. 26). In uo case is 
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there s, diatiuct intestinal tube which runs through the body-cavity 
and opens on the surface by a, mouth at one end nnd an excretory 
aperture or anua at the other. It may be added in this connection 
that, though it is convenieat to apply the term of " body-cavity " to 
the general space included within the body-walls of a GtBlenterate 
animal, the space does not correspond iu its mode of development 
with what is known as the body-cavity of the higher animals. 

Another leading character of the CoUeiiteraia is the composition 
of the body out of two fundamental membranes (fig, 26), which are 
usually of a veiy simple structure in the embryo, but which in the 
adult become more or less complicated by the development of mus- 
cular fibres and other tissues. The outer of these layers or mem- 
branes is known as the " ectoderm," and it forms the whole of the 
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outer surface of the body, terminating at the margins of the mouth. 
The inner layer is known as the " endoderm," and it linee the whole 
of the inferior of the body, being prolonged into the tubular ten- 
tacles round the mouth. Both of the^ membtanen, but especially 
endoderm, are usually more or less richly furnished with vibrat- 
_ cilia. The muscular and other tissues which are developed be- 
,ween the ectoderm and endoderm, constitute what is called the 
mesoderm." ITie peculiar microscopic organs called " thread-cells," 
nettle-cells," or "cnidte," which communicate to many of tbeCarlen- 
jrata (such as the sea-jellies) their peculiar power of stinging, are 
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Btructurefi found in the iuUgument of almost all the members of 
this trub-kingdom, and sometimeB in internal parts as welL They 
are veiy beautiful objects of micnwcopical e lamination, and differ 
very considerably in the details of their structure. Each thread-cell 
(fig. 27) is essentially a doubie-walled sac or capsule filled with fluid, 
and containing internally a longer or shorter spirallj-coiled thread 
or filament The thread is pointed at its free eitremity, and often 
bttrbed at its base or serrated along the edges. When the external 
capsule ie touched it ruptures ; and the coiled-up 
thread is thrown out, like a taaso, to a distance 
often equal to many times the length of the en- 
closing capsule. The pointed end of the thread 
pierces the object which it strikes— supposing the 
latter to be of a sufficiently soft nature — and ap- 
parently envenoms the puncture thus produced 
with the fluid contained in the sac, this seeming to 
have some poisonous or tiritating character. 

In accordance with the above-mentioned differ- 
ences in the arrangement of the digestive system, 
the Caleaterata are divided into two great classes, 
termed respectively the Hydroioa and the Actin- 
0200. In the Hydrozoa, there is no body-cavity 
distinct from the digestive cavity — or, in other 
words, the body-cavity m the digestive cavity, the 
mouth opening directly into the body-cavity (fig. idjsFent indiusM 
28). In the Adinotoa, on the other hand, there is the eadod*™; 
a distinct digestive cavity, but this opens directly 
into the general body-cavity, so that the two form distinct but freely 
communicating divisions of the same chamber. 




Class I. Hydrozoa. 

The Si/dro2oa are de6u^ SB CcderUerata in wkicA there lino digettive 
toe g^Ktratefrom lite general cavity of the body. The r^odiictive organs 
are external, in the form of autmard procenet of the body-imUl {fig. 30). 

The ffydrotoa are all aquatic in their habita, and, with few ex- 
ceptions, all are inhabitants of salt wat«r. The class includes both 
simple and composite organisms, of which the most familiar are the 
Sea-fiis and their allies (Hydroid Zoophytes), the Fresh- water Polype 
or Jfydra, the Sea-jellies (Medutie), and the Portuguese Man-of-war 
(Phytalia). Owing to the extremely complicated nature of many of 
the Hydrozoa, it appears advisable to preface their description by 
an explanation of some of the more important terms which are 
employed in connection with various members of the class, 
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General Tebminoloot of thk HrDEiozoA, 

Individucd. — In order to understand fully the meaning which is 
attached to the term " individual " in zoolc^cal language, it is necee- 
Bary to glance briefly at the general features ol reproduction as dia- 
plajed in different sectiona of the animal kingdom. It«production 
b the process hy means of which new individuals are produced and 
the perpetuation of the Bpecies ensured. This end may be attained 
in various ways, but these all come under the two heads of '^sexual " 
and "non-sexuid" repi-oduction. In larual reproduction, by which 
alone can fresh beiuga be produced amongst the higher animala, the 
essential element of the process consists in the formation of two dis- 
tinct structures, a germ-cell or ovum, and a sperm-cell or spermato- 
loid. By the union of these distinct reproductive elements, fresh 
beings can be produced. As a general rule, the germ-cell is pro- 
duced by one individual (female), and the sperm-cell by another 
(male); but amongst the lower animals it is not uncommon for the 
same individual to produce both of these elements, in which case 
the individual is said to be "hermaphrodite." Amongst the lower 
animals, however, fresli beings miay be produced without the contact 
of a sperm-cell and an ovum — that is to say, without any genuine 
act of reproduction. The processes by which this can be effected in 
different animals vary considerably, but they are all spoken of as 
forms of " non-sexual " reproduction. The only varieties, however, 
of the process which require cousidaration, are those in which fresh 
beings are produced by what is called " gemmation " or " fission." 

Gemmaiion (I^t. gemma, a bud) consists in the production of a 
bnd or buds, usually from the outside, but sometimes from the in- 
side of an animal ; which buds become developed into more or less 
completely independent beings. The fresh beings thus produced by 
budding are all known as loiiids, and are not spoken of as distinct 
animals, for reasons which will be immediately evident. When the 
zojjids produced by budding remain permanently attached to one 
another and to tlie parent organism which produce<l them, the case 
is said to be one of "continuous" gemmation, and the ultimate 
result of this is to produce a colonyor composite structure, composed 
of a number of similar and partially independent beings, all pro- 
daced by budding, but all remaining in organic connection. This 
is seen very well in a great number of the Hi/droioa (fig, 29). When, 
on the other hand, the zooids produced by budding become finally 
detadied from the parent organism, we have a case of what is called 
"discontinuous" gemmation. In this case, the detached zot^ds be- 
come completely independent beings ; and they are often wholly 
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unlike the original zot^d iu structure and in habits, bo much so 
that they have in Tarious cases been described as altogether dis- 
tinct animals. Discontinuous gemmation is very well teen iu many 
of the Hydrozoa, and in them the ctue is still further complicated 
by the coexistence of discontinuous gemmation with the' continuous 
form of the process. Thus it is not an uncommon thing amongst 
the Hydroioa to find a composite organism or colony produced from 
a primordial zoJiid by contuiuous gemmation, and having at the 
same time the power of giving rise to detached and completely inde- 
pendeut beings by a process of discontinuous gemmation. 

In what is called " fission " (Lat. findo, I cleave), exactly the same 
results are attained as in gemmation, but in a slightly different 
manner. In gemmation the new beings are produced by means of 
buds thrown out by a primitive zoiiid. In fission the new beings 
are produced by a cleavage or division of a primitive zoQid into two 
or more paris, each of which becomes finally developed into a new 
and more or less completely independent being. In fission, as in 
gemmation, the new beings or Kosids may remain permanently in 
connection with one another, when the process is a continuous one, 
and a composite organism is produced, as in many Corals. Or, in 
other cases, the new zoiiids produced by fission are detached to lead 
an independent existence, as in som% of the Hydroioa, the process 
thus becoming a discontinuous one. 

We are now able to understand what is meant, in strict zoological 
language, by the term "individual," as applied to animals. Zoo- 
logically speaking, an iitdividaal is defined as "equal to the total 
retail of the development of a tingle omim." In the higher animals 
there is no sort of difficulty about tliis, for each ovum gives rise to 
no more than one single animal, which cannot produce fresh beings 
in any other way than by producing another ovum. In this case, 
therefore, each animal in an individual. In ttie lower animals, how- 
evei', the being produced by an ovum has often the power of giving 
rise to fresh beings by a procees of gemmation or fission, and these 
beings may either remain attached to one another so a« to form a 
colony, or may become detached to lead independent lives. In 
either case, the term "individual" can oidy be properly applied to 
the whole assemblage of beings pniduced in this way, however 
much they may differ from one another in appearance, structure, or 
mode of life. In these cases, therefore, the individual may be, 
firttlg, a. single independent Iteing— as, for instance, an Amaba, or 
an Inf usorian such as Paramadum ; eecoadly, a colony or composite 
organism composed of a number of more or leas nearly similar 
beings or zodids, prodiieed by budding from a primitive zoOid — as, 
for instance, is seen in many of the Infiuinia {e.g., Epit^lU); and 
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thirdly, an assemblage of zoOids produced by budding or fission from 
a primitive being, but not necesaarilj remaining- connected with oua 
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another or exhibiting any common features of likeness, as we shall 
see is the case in many of the Hydrozoa. Lastly, cases may occur 
in which the individual consists partly of similar zo5tds which 
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remain pennanentlj' connected with one another, and partly ot dia- 
similar zoOids which are detached to lead an independent life, all 
alike being the result of the development of a single ovnm. 

ZoSid. — The term " zooid " is indifferently applied to all the more 
or less completely independent heings which are produced by bud- 
ding, or bj cleavage from a primitiTe organism. It does not matter, 
therefore, for the purposes of this definition, whether these beings 
remain permanently attached to the original organism, or whether 
they are finally separated to enjoy an independent existence. 

Ugdrosoma. — The term " hydroBoma " is one which is very con- 
veniently applied to the entire organism in any Hydroic^, whether 
this be simple, or whether it be composite and made np of a number 
of connected zooids. 

Poh/piie. — That portion of any BydrosoHn, which ia concerned with 
the process of digestion, or, in other words, the " alimentary region," 
is termed the " polypite " — the more generally current term of "polype" 
being now restricted in meaning to the same region in the higher 
Cideaterata {Actinozoa). In such of the Eydrozoa as the Fresh- water 
Polype or Ilyd/ra, in which the hydrosoma is simple, the whole 
ot^ganism is termed a polypite ; but the term is more generally em- 
ployed to indicate the nutritive zooids of any compound Hydroiaon. 

Oantosarc. — The term "ccenosarc" (Gr. ioinoi, common; 4arx, 
flesh) is employed to designate the common trunk or flesh by which 
the separate polypites of any compound Hydroio6n are united into a 
single organic whole. 

Didal and proximal. — These are terms applied to difierent ex- 
tremities of the hydrosoma. It ia found that one extremity grows 
more quickly than the other, and to this free-growing end— at which 
the mouth is usually situated — the term "distal" is applied. To the 
more slowly-growing end of the hydroeoma the term "proximal" is 
applied. When the ffydT02oim is fixed to any solid object, it is by 
the proximal end that attachment is effected ; but in such forms as 
are permanently free this mode of distinction is inapplicable. The 
terms may be used eithei- in reference to a single polypite in the 
compound Hydroioa, or as regards the entire hydrosoma, whether 
this be simple or compound. 

Polypary. — The term " polypaty " or " polypidom " is applied to the 
homy or chitinous outer covering or envelope with which many of 
the Hydrosoa are furnished. These terms have also been not un- 
commonly employed to designate the veiy similar structures pro- 
duced by the much more highly organised Sea-mats and tlieir allies 
(Folyioa), but it is better to restrict their use entirely to the 
Hydrosoa. 
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CHAPTER VI. 

DIVISIONS OF THE HYDROZOA. 

The Sydrozoa are divided into five great divisions, each of which 
requiiCB some notice, as presentii^ points of special interest These 
divialons or Bub-claflsas are known by the names of Hydrmda, Sipho- 
nophora, Lvcemarida, OrapColitida, and Hydrocorallirug. 

SUB-CLASS HYDEOIDA. 

This sub-class comprises all the Sea-firs and their allies, commonlj 
known to naturalists as the " Hydroid Zoophytes," from their resem- 
blance to the Fresh-water Polype {Hydra), which is also a member of 
this division. The ffydroida are defined by the fact that they oonsist 
uf an alimentary region or "polyptte," tehich itfumidted with a mouth 
and prehentile tentadet at itt distal end, and with an adherent due at 
tit prox-imal extremity. In some few cases the bydroeoma consists of 
but one such polyi^te (as in the Hydrida and some of the Cdrynida) ; 
but generally the hydrosoma is composed of a greater or less number 
of similar polypites all united by a coenosarc or common trunk (aa in 
the majority of the Corynida, and in the Sertularida and Campanvr 
larida). In the great majority of cases, also, the hydrosoma is not 
unattached, but is fixed to some solid object by its proximal extrem- 
ity or " hydrorhiza." The Hydroid Zoophytes exhibit four principal 
types of structure, which constitute so many orders. 

Order I. HvoainA. 

In the first order we have only the well - known Fresh - water 
Polypes or JTydrm, of which we may take the common green 
Hydra (H. viridit) aa the type. When uncoatracted, the body of 
the Hydra is in the form of a cylindrical tube (fig. 30), composed 
of the two fundamental layers, the ectoderm and endoderm, of 
which the former contains many thread-cells. The integument 
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also contains niimeroUB green granules, apparently identical with 
" chlorophyll, " or the green colouring-matter of plants. At the base 
or proximal extremity of the cylindrical body is a kind of disc- 
shaped sucker or hydrorhiza, by means of which the animal can 
attach itself at will U> any foreign body. Its favourite position ap- 
pears to be that of hanging 
head -downwards, suspend- 
ed from the stem of some 
water-plant. It is not, how- 
ever, permiiuently fised, 
but it can detach itself and 
change its place at wilL 
At the oppoeit* or distal 
extremity of the body is 
placed the aperture of the 
mouth, surrounded by a 
circle of from five to fifteen 
small tubular filaments, 
which are termed the 
" tentacles " (fig. 30, a). 
£ach tentacle consists of 
a tabular prolongation of 
both ectoderm and eiulo- 
derm, and encloses a canal 
which opens at its tiHse 
int« the general cavity of 
the body. The ectoderm 
is richly furnished with 
thread - cells, which are 

especially abundant in the pig. w.-The Gr«n FYBih.».l*r Polype (Hvdm 
tentacles. On the inside eirtdi«),»uapeinl«i hfad-donowBrilafruiini piece 

of the ectoderm, between "' ■ """" "^ "' '«>'""= ?'»"*■ ^''^'S'^- « 0"» 

., , ., I , uf the tentacles: b TestJH Of epcniiBnain, with 

it and the endoderm, exists anennaloM* In its Interior: c A siniile Unm 
also a pecuhar fibrous layer, 
which has been generally 
regarded as partly of a ner- 
vous and partly of a muscular character. The tentacles exhibit the 
most extraordinary contractility, being capable of retraction till they 
appear as nothing more than so many little warts or tubercles, and of 
being extended to a length which is in some species many times longer 
than the body itself. They are the organs by means of which the 
Sydra obtains its food, consisting chiefly of minute aquatic organ- 
isms, such as small worms, insects, Crustacea and Rotifera. These are 
seized by the tentacles and gradually drawn into the mouth ; but in 
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addition to this merely mechanical action, the tsutacleg appear to 
exercise a beQumbing or even fatal influence upon the animals 
grasped by them — thia being apparently due to the thread'Cells 
with which they are fumiihed. The mouth in the Hydra opens 
directly into a capacious cylindrical cavity, which is excavated along 
the whole length of the body, and which is both the body-cavity and 
the stomach in oue. This cavity (fig. 28) is filled with water derived 
from the esterior, and also with the nutritive particles derived from 
the food. Indigestible fragments are rejected by the mouth, a eep 
arate anal opening being wanting. A striking proof of the essen- 
tially low position of the Ifyih-a in the animal scale is to be found in 
its extraordinary capacity of resisting mutilation, or, in fact, me- 
chanical injury of any kind short of absolute annihilation. The 
briefest illustration of this fact is all that can here be given, but 
with that the name of Trembley of Qeneva must be associated. 
This well-known observer, in a long series of experiments, moat of 
which have been successfully repeated by subsequent naturalist^ 
discovered that the Hydra could be mechanically divided with a 
knife into any number of fragments, with the sole result that each 
and all of these possessed the power of developing themselves into 
fresh and independent polypites. Further, the animal could even 
be turned inside ont, with a necessary transposition of the ectoderm 
and endoderm, without any apparent inconvenience or interference 
with its health. 

Raprodqction in tha Hydra ia effected non-BBinilly by gemniBtion, and 
eenvially by the production ot OVb »nd aperm-csllB ; the former proceas being 
followeil in annimer Had the latter in autumn, few individuals appearing to 
survive the winter. In the first or non-sexual method, the Hydra throws out 
one or more buda, usually from near the flied or proiiiniat extremity. These 
buds at first consist simply of a tubnlar prolongation of the eclodarm and 
endoderm, enclosing > cavity which commnnicalea with the general cavity of 
the body. A new moutti and tentacles are soon developed at the distal end of 
this bud, and after a longer or shorter period the new Hydra, thus produced, 
is detached to lead an independent life. Each Hydra can produce many 
such bnds during thu summer season, and the liberated* bnds can also repeat 
the same process, so that in thia way reproduction is rapidly carried on. In 
the second or sexual meUioiJ of reproduction, ova and sperm-cells are produced 
towards the winter in eitemal proceasea of the body-wall. The spermattuoa 
are developed in little conical elevations (fig. 30, b), which are produced near 
the bases of the teatacles ; and the ova are formed in much larger elevations, 
of which there ia ordinarily but one, placed nearer to the fixed or proximal ex- 
tremity of the animal (lig. 30, c). Wlien mature, the OTnm Is fertilised by the 
sperm-cells, both being set free into the water by the rupture of the body-wall. 
The embryo Hydra is at first covered with vibrating cilia, and swims freely 
about, until it meets with a suitable locality. It then fixes itself by one ex- 
tremity, the cilia drop o^ and a month and teatacles ara developed at tha 
distal end of the body. 
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Order II. Cobtnida. 

In the second order of the Hydroid Zoophytes, kuowii its the 
Corifnida or Tiiimlarida, we have a number of organuma which 
ia their essentitil structure are closely related to the Hydra, but 
which differ cousiderably in the nature of the reproductive pro- 
cess. All of them are marine, with the siiigle exception of the 
genus Cordylophora, which inhabits fresh water. Some of the 
members of ike order are simple, consisting of no more than a 
siogle polypite. In these cases there is an exceedingly close ap- 
prwich to the structure of the com- 
mon Jlydra, but the polypite is 
permanently fixed without the 
power of voluntarily changing its 
place, whilst the I'eproductive pro- 
cess is considerably different In 
the majority of the Corynida, how- 
ever, the hydrosoma is compound, 
consisting of a greater or less num- 
ber of separate polypites or zoOids, 
all comiected with one another by 
a common flesh or ccenosarc, and 
all forming parts of a plant-like 
rooted colony. lu some of the 
Coryiiida the polypites are naked, 
but in most cases the ccenosarc is 
protected by a homy-looking chit- 
inous' envelope or " polypary," as 
in Tuhvlaria indivUa (fig. 31). In 
no case, however, is this homy 
covering ao prolonged as to foiin 
little cups in which each polypite is 
contained. It alwaj's stops short 
at the bases of the polypit^ and in 
this way the Corynida can always 
be distinguished from their near 
allies, the Sea-firs {Sertularida). 

Good examples of the Carynida 
are the common Pipe • corallines 
{Tubularia), in which the wenosarc is enclosed in a homy tubular 
polypaiy (lig, 31), each tube containing a single polypite. Otber 
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common examples are the singular Hydracttnia, which form brown 
prickly cnista upon the empty sheila of univalve Molluscs, invari- 
ably selecting those sheila which are inhabited by Hermit-crabs. 
Other common types belong to Eudendrium. The genua Cordylo- 
pkora is fouiiil in fresh water ; and in Coryomorpha we have a type 
in which the hydrosoraa conaiata of no more than a single polypite. 

As regards the generative process in the Cori/nida, it may be as 
well to consider the general phenomena of reproduction as carried 
on by all the Hydroid Zoophytes, the general characters of the pro- 
cess being of a moat remarkable nature. Aa has been already 
explained, the " individual " in the case of the compound Hydrosm 
consists of an aggregation or colony of partially independent beings 
or zodids, produced by gemmation or fission from a primordial 
organism. This is the case in all composite aiiimala, such as 
Sponges, Sea-mata, Corals, and many others. In many of the com- 
pound Hydrozoa, however, the caae becomes still further compli- 
cated. In many of these oi^anisms, namely, the zoOids differ rery 
much from one another both in structure ajid in function. One set 
of zoOids is entirely devoted to the duty of providing food for' the 
colony, and in theae no reproductive oi^ans ai'e ever developed. 
These nutritive zooida are all like each other in form, afid the whcde 
assemblage of them has been appropriately termed the " tropho- 
some " (Alhnan), from the Greek trepko, I nourish ; and >oma, body. 
The colony or trophosorae thus formed by the nutritive zoOids can 
go on increasing by the production of fresh zobids for an almost 
indefinite period ; but in all cases there ultimately cornea a time 
when it becomes necessary to produce the essential element* of 
reproduction in order to secure the perpetuation of the species. 
The nutiitive zooida, as just stated, cannot produce the ova and 
sperm-cells, being destitute of reproductive organs, and the colony 
is therefore compelled to produce a second set of buds, which have 
the power of producing the essential elements of reproduction. 
These buds are collectively called the " gonosome " i(j\. gonot, off- 
spring ; and »oma, body). The generative buds have the further 
peculiarity that not only can they produce the generative elements, 
but they are altogether unlike the nutritive zoUvis in appearance. 
This difference in external appearance and in structure is sometimes 
no great as to lead to a most remarkable series of phenomena. In 
the simplest form in which these generative buds or " gonophorea " 
appear, they Itave the form of mere protuberances of the ectoderm 
and endoderra (fig. 32), enclosing a cavity derived from the body- 
cavity. In these buds the generative elements — ova and sperma- 
tozoa — are developed. In other instances, the generative buds have 
a more complicated structure. They consist now (fig. 29 m!) of a 
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bell-shaped disc, which is attached by its baae to the parent oi^ian* 
ism, and has ite cavity turned outwards. From the roof of this 
disc there is suspended a kind of handle, which corresponds to the 
clappOT of the bell, and is termed tbe " manubrium " (Lat for 
handle). From the 0xed or proximal extremity of the central 
process or manubrium proceed four or eight canals, which extend 
to the margin of the belL where they all open into a circular canal 



suirounding the mouth of the bell. This bell-shaped reproductive 
bud may attain no higher development than this, and may remain 
permanently attached to the parent organism from which it is pro- 
duced. In other cases, however, a higher state of development is 
reached. The generative bud or gonophore (fig. 29, C) becomes 
detached ^m its parent colony ; the manubrium or central process 
develops a mouth at its free or distal extremity ; the mouth of the 
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bell becomes partially closed by an inward prolongation or shelf, 

called the "veil"; and a series of tentacles are developied from its 
margin. The generative bud, thus liberated, leads a wholly inde- 
pendent existence. The manubrium, having developed a mouth, 
Bsaumea the functions of a true polypite, and its cavity acta as a 
digestive sac The whole organism swims about freely, and has the 
power of assimilating food, and thus of attaining to a comparatively 
gigantic size. This independent existence, however, only goes on 
' till such time as the elements of reproduction can be produced. 
The ova and sperm-cells are developed in specialised portions of this 
generative bud, and then it ceases t« exist. The ova, however, 
when fertilised, do not develop themselves into the free-swimming 
bell-shaped otganisms in which they were actually produced, but 
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into the plant-like, roofed, and compound zoophyte, from which tlu 
generative buds were originally given forth. These tree-awimminj 
bell-shaped reproductive buds or gonophores (fig. 33); as we shnll 
see, are structurally identical with the smaller forms of the so-called 
Sea-jellies or Medaxg ; and it is now known that most of these 
Mediua, though originally described as distinct beings, are really 
nothing more than the tree generative buds of the fixed Hydrozoa. 
Hence, these free reproductive buds ai'e naually spoken of as " me- 
dusiform gont^hores," We have here, then, an instance of what has 
been, not quite appropriately, called "alternation of generations." 
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We have a. compound fixed animal, in many respects comparable to 
a plant, producing a special Beries of buds which are devoted to the 
process of rejiroduction. These buds are cast off aa independent 
beings to lead an independent life, and they are furnished with the 
necessary organs to preserve their existence till they are able to 
mature the reproductive elements. When once able to consummate 
this, they die ; but the young to which they give origin are wholly 
unlike themselves. The young, namely, instead of being free- 
swimming " medusiform " beings, become developed into the fixed 
plant-like colony front which the generative buds were originally 
produced. The term " alternation of generations " is not an alto- 
gether good one, and does not quito express the facts of the case. 
There is not any alternation of generations, but there is an altor- 
nation of generation with gemmation or budding. The only true 
generative act takes place in the reproductive zooid or gonophore, 
in which the ova and sperm-cells are developed. The production of 
this gonophore from the parent organism (trophosome) is a process, 
not of generation, but of gemmation or budding. The whole pro- 
cess, therefore, is, properly speaking, not an "alternation of geuer- 
ations," but an alternation of generation with gemmation. 

To recapitulate, then,— the process of reproduction in the Hydroid 
Zoophytes is carried on by means of reproductive buds or gono- 
phores, which are produced at special seasons, and in which the 
reproductive elements are developed. These generative buds differ 
a good deal in their character, but three chief kinds may be dis- 
tiBguished : 1. Simple closed sacs or protuberances ("sporosacs") 
formed out of both ectoderm and eudoderm, and having the special 
elements of generation developed in their interior. 2. Bell-shaped 
buds attached to the parent colony by their bases, and having a 
central process or manubrium, which is furnished with a mouth and 
central cavity, from which there is given off a system of canals to 
ramify in the substance of the disc The reproductive elements are 
developed either in the walls of these canals or between the ecto- 
derm and endoderm of the manubrium. From the resemblance of 
these buds in anatomical structure to the so-called Sea'-jellies or 
Jfedame, they are usually spoken of as "medusiform gonophores," 
or simply as " medusoids." In this form, however, though highly 
oi^nised, the buds never become detached from the parent colony. 
3. Buds which become developed into bell ■ shaped medusifonu 
bodies exactly similar in structure to the last, but detached to lead 
an independent existence. These free-swimming medusiform gono- 
phores are anatomically indistinguishable from ordinary Mediua ; 
and it is now known that most of the so-called "naked -eyed" 
Meduaas, are really the detached generative buds of other orders of 
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Hydroioa. The special elements of reproduction are developed in 
these detached buda, bat the resulting embiyos are not developed 
into Mediua, such as produce the ova and spenn-cells, but atraight- 
way grow ap into the plant-lilte sexlen colony, from which the 
meduBifonu gonophores were originally budded forth. In these 
cases, therefore, the individual Hydroid consists of a fixed, rooted 
colony (or trophosome), producing freah zoOids by a process of bud- 
ding, but incapable of producing the eaaential elements of reproduc- 
tion, together with a free and independent series of generative buds 
(or gonoBome), in which the elements of roprodiiction are developed. 

Order III. Sbrtularida. 

In this order of the Hgdroida we have the most familiar and 
best known of alt our zoophytes — namely, the Sea-firs and their 
allies. The homy plant-like polyparies of the SertvLarida are 
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familiar to every visitor at the sea-side, and by those unacquainted 
with their true nature they are almost universally set down as sea- 
weeds. The Sertularida are very closely allied to the compound 
forms of the Corynida, resembling them in being rooted, plant-like 
colonies, composed of a number of similar polypites or zoOids, pro- 
duced by budding from a primitive zoiiid. As in the Tubulaiians 
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amongst the Ccrr^mda, the -whole crenosarc is enveloped in a horny 
or chitinous envelope or polypaiy (fig. 34, a), aud this is the struc- 
ture which ia moat familiarly known to sea-side observers. The 
Satularida, however, are diatinguished from the Corynida by two 
points. Firstly, none of the Serttdarida are simple, but all are com- 
pound, consisting of more or less numerous polypitea, united by a 
branched ccenosarc. Secondly, the polypary of the Sertvlai^da 
differs from that of the Corynida in not simply reaching to the 
bases of the polypites, but in being prolonged to form a number 
of little cups or " hydrothec« " (fig. 34, a, 6) within which the poly- 
pitcB are lodged. Each polypite has a hjdrotheca of its own, within 
which it can entirely withdraw, and from which it can protrude ita 
distal extremity. 

ThB polypitea of the SeHalarida have essentially tlie same atrnctnre as In 
the Corynida, and eBch may be compared \a a little Hydra. Eacb, namely, 
consists of a eoft contractile aad extenaile body, which ia furnished at Ita diatal 
extremity with a month and a circlet of prehensile tentacles, richly fumiabed 
with thread-cells. The mouth opens Into a chamher which occupies the whole 
length of the polypite, and which is to he regarded as the combined body-cavity 
and digestive sac. At its lower end this chamher 0|>ens by a constricted aper- 
ture into a tubular cavity, which is everywhere excavated in the substance of the 
ccenosarc (Rg. H,b). The nutrient particles obtained by each polypite thus serve 
for the anpport of the entire colony, and are distributed throughout the entire or- 
ganism The untntive fluid prepared in the in- 
tenor of each polypite gams access through the 
abo\e mentioned aperture to the cavity of tlie 
ctenoNarc, winch, by the combined exertions of 
the whole a.iiemblage of pol}pites, thns become 
filled with a granular nutritive Iwinid Tliis 
ccenoearcil fluid is in constant movement, cir- 
culating through all parts of the colon}, ami thus 
maintaining its vitality — the cause of the move- 
ment being probably due, in part, at any rale, to 
the existence of vibrating cilia. 



all alike, however, the ordinary polypitea 
are incapable of producing the essential 
elements of reproduction, and for this pur- 
pose special generative buds have to be *''B- ss,— Ovarian capeuie of 
developed. In the typical Sertularians the ^j^.^l^'^^^y 
reproductive buds are developed at certain Greatly enlarged, 
seasons in great numbers, and they con- 
stitute T7hat used to be called the "ovarian vesicles" or " capsules" 
(fig. 35). These reproductive buds are enclosed in homy cups or 
receptacles, often of a very beautiful sha[ie, and much larger in size 
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than the ordinary hydrottiecie. As a. general rale, each capaule in 
the Serttdarida ctoitains a number of the reproductive buds, which 
are all borne upon a central aiLis which runs up the middle of the 
capsule, and is derived from the c<enosetTC. 

In one division of this group— often described as a separate order, 
under the name of CampaTmlarida — some points of difference are 
observable. In the typical Sertularians the little cups or hydrofhecte 
for the polypites are placed ou the sides of the branches, aud they 
are not stalked (fig. 34, a'), whilst the reproductive elements are 
produced in fixed buds. In the Carapanalarida, on the other hand 
(fig. 34, 6), the hydrothecte are supported upon stalks, aud are placed 
at the ends of the branches, whilst the generative buds are usually 
detached to lead an independent existence. In theae forma the 
reproductive zooids or gonophores start as simple buda; but they 
become gradually developed into free-swimming meilusoids, such 
as have been before alluded to. Each medusoid consists of a little 
transparent glassy bell, from the under 
<i surface of which there is suspended a 

modified polypite, in the form of a 
i -^ manubrium (fig. 36, a). The whole or- 

ganiam swims gaily through the water, 
propelled by the contractions of the 
bell or disc ; and no one would suspect 
now that it was in any way related to 
- the fixed plant-like zoophyte from which 

it was originally budded off. The cen- 
tral polypite is furnished with a mouth 
at its distal end, and the mouth opens 
into a digestive sac. From the proximal 
end of thia stomach proceed four radiat- 
ing canals which extend b) the margins 
of the bell, where they all open into a 
circular vessel which runs round the 
mouth of the bell. From the circumfer- 
ence of the belt hang also a number of 
delicate extensile filaments or tentacles ; 
and the mai^n ia further adorned with 
a series of brightly coloured spots, 
which are probably rudimentary organs 
of vision and hearing. The mouth of 
the bell is partially cloaed by a delicate transparent membrane or 
shelf, the so-called " veil." Thus constituted, these beautiful Uttle 
beings lead an independent and locomotive existence for a longer 
or shorter period. Ultimately, ova and aperm-cella are produced in 
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special organs, which are developed in the course of the radiating 
canali of tjie disc The resiiHing embryos are minute free-awimming 
bodies, corered with cilia, which finally fix themselves, and develop 
into the plant-like colonies from which the medusoids were derived. 

Order IY. Mbdusid^. 

Among the most familiar and beautiful of all marine organisms 
are the delicate, transparent, bell-shaped creatures generally known 
as Jelly-fishes. All the organisms, which are generally spoken of 
as Jelly-fishes, belong to the Hydrotoa, but they differ greatly as 
to their precise nature. The great gelatinous discs which are so 
frequently cast up on the sea-shore, and which fire more especially 
spoken of in common language as "Jelly-fishes," are mostly the 
reproductive zoOids of a particular group of Hydroioa (the Lticer- 
narida), and will be subsequently noticed. Less familiar than 
these, but equally abundant, are certain, usually much smaller, 
Jelly-fishes which are found floating in the sea near the surface, 
often in vast numbers, at particular seasons of the year. Many of 
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these comparatively minute Jelly-fishes are in reality, as previously 
noted, neither more nor less than the free-swimming reproductive 
buds of the Hydroid Zoophytes, or of other groups of Hydrozoa. 
That this is their true nature is shown by the fact that the eggs 
which they produce develop themselves not into fresh Ifedusa, 
but into various other forms of Hydrozoa, which may be either flied 
or oceanic On the other hand, there are certain Jelly-fishes [Trachy- 
nemidce, jEginidce, &c.) the eggs of which really give origin to fresh 
Jelly-fishes. These, thei-efore, must be considei'ed as a special group 
of the ffi/dro:oa, to which the name of Medatvke may be applied. 
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Aa reganlm the gtructure of such Jfedutas, there u nothing to 
enable the observer to know for certain whether a given Jelly-fish 
is merely the free generative bud of some fixed Hydroid, or whether 
it ia an independent organ itini. In either case, the anatomical 
structure is essentially the same, and may be briefiy stated as 
follows: The hydrosoma in free and oceanic, the oi^nism living 
near the surface of the sea. The body is composed of a thick, 
transparent, gelatinous disc or swimming - belt (the nectocalyx) 
by the pulsations of which the animal is driven through the water. 
From ^e nnder surface oc roof of this bell-shaped disc is suspended 
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a single polypite (the manubrium), which bears to the disc the same 
relative position as the clapper does to an ordinary hand-bell. The 
distal end of the central ' polypite (fig. 36) is furnished with a 
mouth, the lips of which are often prolonged into tour longer or 
shorter lobes or processes. The mouth opens into a digestive sac, 
occupying the axis of the polypite ; and from the upper end of this 
proceed four radiating canals, which run in the substance of the disc 
to its margin, where they are united hy a single circular vessel. 
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the whole Bjstem constituting the so-called "gastro-vaacukr" or 
"nectocal/cioe" ctinals. The margin of the bell is narrowed by a 
kind of ahelf, which runs round the whole circumference, leaving a 
central aperture, and which ia known as the " veil." From the mar- 
gin of the disc hang more or leas numerous tentacles, which ill these 
forma are mostly solid, instead of being hollow. Alao round the 
circumference of the swimming-bell are disposed certain "marginal 
bodies," which are doubtless organs of sense. Some of these marginal 
bodies consist of little rounded snca or "vesicles," filled with a trans- 
parent fluid, and contaiuing mineral particles, apparently of carbon- 
ate of lime. These are probably rudimentary organs of hearing. 
Others of the maiginal bodies are in the form of little masses of 
colouring-matter or pigment, often of a strikingly bright colour, en- 
closed in distinct cavities. These are known aa the "pigment-spota" 
or "eye-specks," and they are of the mkture of mdimentaty organs 
of visii»i. They are placed in a conspicuous and nnj)rot«cted position 
OH the margin of the diac, and hence these organisms ware termed 
"naked-eyed " Mediuce by Edward Forbes. Bound the margin of 
the swimming'disc there is also placed a distinct nerve-ring. The 
reproductive organs (fig. 39) are usually developed in the course of 
the radiating gaatro-vascular canals, but are sometimes situated in 
the walls of the central polypite. 

The naked-eyed Medusa, including under this name both the true 
Medusa and the free medusoid buds of other Hydrozoa, are all exceed- 
ingly elegant and attractive, when examined in a living condition, 
resembling little bells of the most transparent glass, adorned here and 
there with the meet brilliant colours. They occur, in their proper 
localities aiid at proper seasons, in enormous numbers. They are 
mostly phosphorescetLt, or capable of giving out light at night, and 
they appear to be one of the principal sources of the luminosity of 
the sea. It does not seem, however, that they phosphoresce unless 
disturbed or irritated in some way. 

Most Medusa and luedusoid gonophores are of comparatively 
small size, bnt some types of the latter may grow to a diameter of 
eight or ten inches or more {e.g., ^quorea). A single Medusoid 
(Limnocodium) has been found inhabiting fresh water ; but this is 
known to be the generative bud of a fised Hydroid. 
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CHAPTER VIL 

SUB-CLASS 8IPH0N0PHORA. 

Thb animala included under the name of Sipkonophora are often 
known as the " Oceanic Hydrozoa," as they are not fixed like the 
Hydroid Zoophytes, but nre found swinuuing at the surface of the 
open ocean, far from land. Tliey are ali sinj^larly delicate and 
beautiful organisnis, but they require little notice here. They are 
distinguished from the Hydroid Zoophytes, which we have been just 
considering, by the fact that the hydrosoma consists of numerous 
polypites, united by a common trunk or ccenosarc, which is very 
rarely branched, and is never furnished with any hard outer cover- 
ing or polypary, so that it remains pennanently Boft and flexible 
throughout life. The proximal end of the ccBnosarc, as already re- 
marked, is not fixed, or capable of being fixed, to any solid object, 
but ia variously modified to suit the requirements of the floating 
colony. As in the Sydroida, the reproductive organs are in the 
form of special buds, which have the power of developing the essen- 
tial elements of generation, and which are often detached as free- 
swimming medusoids. 

The entire sub-class is divided into two great grouiie or orders, 
and it will be suflicient to consider shortly a typical form of each. 
In the first order — that of the C<dyoophorida~ih.e ctenosare is thread- 
like, cylindrical, unbranched, and highly contractile. The cavity of 
the cisnosarc dilates proximally into a peculiar ciliated chamber, 
which is the distinguishing character of the order. The name of 
Calycophorida; (Gr. kalux, a cup ; and pkero, I bear), is, however, 
derived from another circumstance — namely, that the proximal end 
of the coenosarc is always furnished with a series of bell-shaped discs, 
which are known as "swimming-bells" or "nectocalycea." Each 
nectocalyx consists of a bell-shaped cup (flg. 39, n\ attached by its 
base to the crenosare, and having its cavity turned outwards. In 
the substance of the disc run at least four canals, which communi- 
cate with the cavity of the ccenosarc, and proceed to the maigiu of 
the bell, where they all open into a circular vessel. The mouth of 
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the bell ia also furniBhed with a delicate ledge, which runB round its 
circumfereDce, and is known as the " veil." The Btnicture, therefore, 
of the nectocalycea, ie verj similar to that of an ordinary ouedusiform 
gonophore, the chief difference being the abeence in the former of 
the central polypite or manubrium. The neetocalycea are highly 
mnscnlar, and have the power of alternately contracting and dilat- 
ing, thus driving the whole organiam through the water. In Pruya 
(fig. 39X which may be taken as a good example of the gnmp, the 
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iiAtunl Blzfl; n Tb« prorimftl necEuc&lyc^; ' 
UTc, urrying polyplt«8 (pp) at IntervaJs, a] 
UiF openings at theiB being inilicstod tiy ttie le 
polypitt of tlie Mme<T>), flfpHr»t«il fTOPi the ct 



nectocalyce* (») are succeeded by a series of polypitea. Each poly- 
pite {p) is furnished with a month, opening into a digestive sac, 
which in turn communicates with the cavity of the ctenosarc. In 
this form each polypite has a little swimming-bell of its own ; but 
in many forms each is protected by an over-arcliiiig plate, termed 
a "bract" Each polypite has in general a single tentacle, rising 
from near its base, usually of great length, and provided with lateral 
branches armed with numerous thread-ceUs. The rej-rcdurtive organs 
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uf the Ccdycnpkoridm are in the fona of medusiforra gonophores, 
which are budded from the etallu of the polypitos, and which ore 
mostly det^iched to lead an independent existence. 

The second order of the Oceanic Hydrozoa is that of the Pkyaa- 
phorida (Gr. phyia, a bladder ; and phero, I carry), of which the 
most familiar, though not the moat t3^ical, example is the Portu- 
guese Man-of-war, Phytalia (lig. 40, a). The Pkytopkorido are 
distinguished from the organianie which we have been just consider- 
ing by the fact that the proximal extremity of the c<£noearc is devel- . 



Fig. «L— a PortugneBe Han-jf-war (Plu/joiin). 

oped into a structure which is known as the " float " or " pneumato- 
phore." The float contains a larger or smaller sac, composed of . 
some elastic homy substance, proliably chitiiie, often communicating 
with the exterior by one or more apertures, and always more or less 
completely tilled with air. The function of the float is »o doubt 
that of enabling the organism to maintain its position at the surface 
of the sea. As in the Calycophiirid(X, the coeuosarc is always perfectly 
flexible, contractile, and soft, and is never furnished with any 
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chitinouB covering or polypaiy. There may or may not be (rwim- 
ming-bells or nectocalyces, and the tentacles are very complicated 
in Btnicture, and often attain a great length. The polypites preaent 
no special points of interest, but are often fumiahed with the pro- 
tective plates which have been already apoken of as "bracts." 

As a good example of the Physopkoridce, the Portuguese Man-of- 
war may be taken (fig. 40, a). It is composed of a large spindle- 
shaped float, often of several inches in length, upon the under 
surface of which are arranged a. number of polypites, together with 
highly cootractile tentacles of great length, and reproductive organs. 
The tentacles are richly furnished with tliread-cells ; and it has the 
power of stinging very severely. Phyialia is commonly found float- 
ing at the surface of tropical and sub-tropical seas. 

Another very beautiful member of the Pki/iophorida is the Velella 
mdgarit, which occurs abundantly in many seas. It is about two 
inches in length by one and a half in height. The proiiraal end of 
the ccenosarc is greatly expanded and flattened out into an oval disc, 
which carries a vertical triangular crest, running obliquely across 
its upper surface (fig. 40, b). The whole organism is semi-transpa- 
rent and of a beautiful bluish colour, and it floats at the surface of 
the sea with the vertical crest exposed to the influence of the wind, 
and thus officiating as a sail. From the under surface of the disc 
are suspended the various appendages of the organism, consisting of 
a single large central polypite ; a number of processes, like polypites 
in shape, and canying medusiform gonophores ; and lastly, a single 
series of tentacles which arise from the ccenosarc quite independently 
of the polypites. 



D,a,l,z.d=vG00gIe 



INVERTEBRATE ANIMALS. 



CHAPTER VIII. 



SUB-GIiASSES LUCERNARIDA, GRAPTOIilTID^ 
AND HYDEOOORALLINjE. 

SUB-CLABS LUCBRNABIDA. 

ia that of the LuceTTiarida, 
uune are included a con- 
siderable number of forms, differing from 
one another to a great extent in external 
appearance. It will be auAcient here to 
describe one or two t^ical forma. 

One group of the Luc^'oarida ie repre- 
sented bj Luceraaria itself (fig. 41), in 
which there is a cup-shaped body of a 
more or less gelatinous conaiatence, usu- 
ally attached by its smaller extremity 
to sea-weeds, this end of the body being 
developed into a small sucker. Like the 
Hydra, however, Zucemartn ia not fixed, 
but can detach itself at will, and can even 
swim freely by means of the alternate 
contraction and expansion of the cup- 
shaped body (or "umbrella," as it is 
termed). Bound the margin of the cup 
are tufts of short tentacular processes, 
and in its centre is fixed a single polypile, 
furnished with a four-lobed mouth. The 
esaential elements of reproduction are de- 
veloped within the body of Lucemaria 
itself, and it does not give off any genera- 
tive buds, as BO commonly occurs in other 

Another type of the Lncenmrida ia represented by the organiams 
formerly teimed "hidden-eyed" Mediitm, and familiariy known as 




Johruton). 



SUB-CLASSES LUCERSAKIDA, GRAPTOUTIDJi;, ETC. 77 

Sea-nettles or Sea-blubbers. Every sea-side visitor ia familiar with 
the great circulnr discs of jeil; which are left upon tlie sands by 
the retreating tide during the summer months ; and many must 
have noticed on a calm day the large transparent discs of these same 
creatures slowly flapping their way through the wat«r. Not a few, 
.too, must have learnt by painful experience that some of these 
singular organisms have the power of stinging most severely, if 
incautiously handled. The forms included under the old name of 
" covered - eyed " ifedutis differ considerably from one another in 
their nature, and even in their structure, though they all present, in 
spite of their usually greater size, a decided resemblance to the naked- 
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eyed ifedut^ already described. Some of the covered-eyed MeduKs 
produce eggs which are developed into organisms resembling them- 
selves ; but most of them are now known to be nothing more than 
the free-swimming reproductive buds of minute rooted Hydrozoa. 
It wOl be sufficient here to describe shortly the life-history of one 
of the more remarkable forms of this section. 

If we commence with the young form of one of these singular 
aninuUs, we find that the egg gives origin to a little microscopic 
ciliated body, which swims about freely by means of the cilia with 
which ite surface is covered (fig. 42, a). This little body, on finding 
a suitable locality, fixes itself by one end, and develops a mouth and 
tentacles at the other, when it is known as a "Hydra-tuba" (fig. 42, 
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6), from its resenibliqice in shape to the Fresb-water Polype or Hydra. 
The Hydra-tuba is only about half an inch in height, and it poe- 
Besses tha power of forming large colonies by gemination, whilst it 
is incapable of developing the esflcntial elementa of reproduction. 
Under certain oticumstancea, however, reproductive zooids are pro- 
duced by the following singular process ; Tlie Hydra-tuba becomes . 
elongated and exhibits a number of tranaverse- grooves. These 
grooves go on getting deeper and deeper, and become lobed st their 
margins, till the whole organism assumes^, the aspect of a pile of 
saucers placed one above the other (fig. 42, c). The tentacles now 
disappear, and a fresh circle is forrned close to the base <tf the 
Hydra-tuba. Finally, all the saucer-like segments above the new 
circle of tentacles (fig. 42, d) drop off, one by one, and present them- 
selves in the form of independent free-swimming Medutce. These 
reproductive zoOids or Mediace eat voraciously, and increase rapidly 
in size, becoming not only comparatively, but often actually, gigantic. 
Thus, in one case the reproductive zotiid has been known to attain 
a size of seven feet across, with tentacles one hundred feet or more 
in length, though the fixed organism from which it was produced 
was no more than half an inch in height. These gigantic reproduc- 
tive bodies live an independent life until they are able to produce 
ova and sperm-cells, when they die. The fertilised egg, however, 
develops, itself, not into the monstrous organism by which it was 
produced, but into the little fixed sexless Hydra-tuba, from which the 
generative bud was detached. We have, then, here another instance 
of the so-called " alternation of generations." 

It is now known, then, that most of the great Sea- blubbers which 
abound around moat coasts in summer are really the detached repro- 
ductive buds of mtnut« fixed Hydroaoa ; and it may be as well to men- 
tion the leading features in their structure, and the points by which 
they may be distinguished from the smaller or naked-eyed Meduta, 
to which they have a decided superficial likeness. In the commonest 
forms of these zodids (such as the common Sea-blubbers Aurelia and 
Cyanedj, the body consists of a great bell-shaped gelatinous disc or 
" umbrella" (tig. 43), from the roof of which is suspended a single 
polypite, the lips of which are extended into lobed fnDeessea, often 
extending far below the margin of the disc. The digestive cavity 
of the polypite gives out from its upper extremity a series of radiat- 
ing gastro- vascular canals, which proceed towards the margin of the 
umbrella. These radiating canals are never leas than eight in num- 
ber, and on their way to the margin of the disc they break up into 
a great number of smaller veasels, which unite with (ate another to 
form a complicated network. At the margin of the bell they all 
open into a circular vessel, which in turn sends processes into a 
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seriea of marginal tentacles, which are often of extraordinary length. 
B«aidee the tentacles, the margin of the umbrella is provided with 
a number of marginal bodies, each of which consists of a little col- 
lection of pigment, or " eje-speek," and a httle sac tilled with fluid 
and containing mineral particles. Elach of these marginal bodies 
is covered and concealed from view by a kind of hood derived from 
the ectoderm. Hence the name of " hidden- eyed " Jfedtace, applied 



Fig. »3.— Genenilive sooid ol one of the LurertuiTida {CTrjtoora ftj/cmllo). 

to theee forms, in contradistinction to the "naked-eyed" Medatte, 
in which Uie eye-specks are exposed to view. There is also a well- 
dereloped nerve-ring running round the mouth of the umbrella. The 
reproductive organs are usually of some bright colour, and "form a 
conspicuous cross shining through the thickness of the disc." 

From the above dencription it will he evident that there is a considerable 
resemblance between the. so-called " hidden-eyed" Med-utte, or the reproduc- 
tive zoOids of many of the LiKemarida, and the mednsiform gonophorEa of so 
many of the HydToioa, as well aa the tnie Medii^id/e or naked-eyed Meduta. 
The differances, however, hetween them are these ; Tlie swimmiug-disc of the 
naied-eyed Jtferfiiae and of any meiluBiforni gonophore in furnished at its mouth 
with sn internal shelf or veil ; the radiating gastro-vasoular canals are very 
riLTely more than four in nuniher, and should they subdivide {as in rare caiKS 
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thsy do), they do not form an intcicate network ; lastly, tbe niarginsl bodiai 
are aimply placed in an uncovered Bitnation on the laar^Ln of the disc. la the 
reproductive zoUids of the Ltuenuirida or hidden-eyed Afeda»ir, on the other 
hand, the awiniming-diac or umbrella is deBtitut« of any marginal sLelf or veil; 
the radiating gastro-vaiicular canals are never lesa than eight in numher, and 
they split np into numerous branches, which unite to form an intricate net- 
work ; lastly, the marginal bodies are concealed tinm view by a kind of hood. 

There still remains another family of tbe Ln/xraaricUi (viz., Rkizo- 
ttomidte) in which the reproductive process is carried on in. the same 
way ae in the forms we have just described, but the structure of the 
reproductive zotiida is somewhat different. In these, as in Bhho- 
»t<mKt {fig- 44), the generative zoOid is much like those juat men- 
tioned ; but the umbrella is destitute of 
mai^nal tentacles ; and in place of a 
single central polypite, there hangs from 
the under surface of the umbrella a com- 
plex tree-like mass, the branches of which 
end in, and are covered by, small poly- 
pites and club-shaped tentacles. The um- 
brella itself does not exhibit any difference 
as compared with those already described, 
but the ova are produced in a genital 
cavity which is placed on the under sur- 
face of the umbrella. 

Sub-class Graftolitid^. 

We may here notice very briefly a group 
of extinct organisms which almost certain- 
ly belong to this class, and which probably 
find their nearest allies in the Serlutariani. 
The Oraptolitidie are without a single liv- 

^i^Tf *"'™^''* """^ "' intt representative, and their antiquity is, 

KiBoiftraia pulnu. reduced .^ / ,. ' , .,■ . , , , , T. 

tniiie, (After Gosse.) indeed, very high, since it is doubtful if 

they ever pass above the group of rocks 

known to geologists as the Silurian formation. The moat typical 

forms of the group (fig. 45) agree with the living Sertularians in 

having a homy polypary, and in having the polypites protected by 

little homy cups or hydrothec«, all springing from a common stem 

or coenoaarc. The tjT>ical Graptolites, however, differ from all 

known Sertularians in the fact that the hydrosoma was not fixed 

to any solid object, but was permanently free. Most of them, also, 

exhibit a very anomalous and remarkable structure, termed the 

"solid axis" (fig. 45, B). This is a peculiar, fibrous, apparently 
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hollow rod, which no doubt served to atxengthen the polypary, and 
'jrhich is often prolonged beyond one or both ends of the polypary in 
a naked state. There is aJso good evidence that the reproductive 
proceas in the GiHptulites was carried on in manner somewhat 
similar to what is seen in the living Sertulariana — namelj, by means 
of reproductive buda enclosed in homy capsules. Graptolites most 
usually present themselves as beautiful silvery impressions, covering 
the surface of the black shales of various parts of the Silurian system. 

Sob-class HrDsocoiiALUiif. 

This name has recently been proposed by Professor Moseley 
for two groups of marine animals which 
produce a n^pilar skeleton of carbonate 
of lime, and which have, therefore, been 
generally placed among the true Corals. 
Professor Moaeley, however, has shown 
that the forms in question are really re- 
ferable to the Sj/droioa, though they aie 
peculiar, as regards the membera of this 
class, in their power of secreting a regu- 
lar calcareous skeleton. The best known 
and most familiar of the animals placed 
in this group are the Millepores {Mille- 
poTa\ the stony skeletons of which con- 
tribute so largely, to the formation of 
coral-reefs in the West Indies and Pacilic. 
The skeleton of Jfillepora is an expanded, 
more or less branched, calcareous mass, 
studded with minut« apertures of t«'0 
sizes, the mouths of differently - sized 
tubes. These tubes are divided into 
chambers by a number of complet* Fig. « _a. ffn-pWHa (W™. 
transverse partitions (the so-called "tab- ogrnftus) priaion, Bmiin, 
ute "), and only the surface-layer of the preserved tn relief : latenl 

mass is to be regarded as actually alive. d^J^i yiew'of "S™im(nt 
The general calcareous tissue of the skel- or tlie auw ipeuea : con- 
eton is open and spongy, and allows of a eidewblj- enlarged. C, Front 
free communication between the different ™^ "f « trigment "'*•'• 
tubes. The larger tubes of the skeleton the hydrotbecie : much en- 
are occupied in the living condition by iii^ed. D, i 
zoSida ("gastrozoeids"), which possess a 
mouth and tentacles, whilst the smaller 
tubes are tenanted by smaller zoSids (" dactylozo<>lds "), which p 




1 nf tlie stme. All (mi 
le Silui-isD. (Original.) 



..OOiX 



82 INVERTEBRATE ANIMALS. 

the latter organs, but, are destitute of a mouth. The body-cavitiea 
' of all the zodida are placed in communication hy means of canals 
which ramify in the spongy skeleton. 



Fig. «.— EnlMjed vtew of » portinn of the mrfcro of s living colony of aB^p(mi 
b. One of the moutlileaa "lUctyloiodidB." (After Moseley.) 

Other living Hydrocorailinea are the coral-like Stylaeter, Allopora, 
&c. Closely allied to the recent types above mentioned is a great 
series of fossil and wholly extinct organisms, of which Stromatopora 
may be regarded as the central form. 
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ACTINOZOA. 

The second great class of the C'<denterata is Hiat of the AciiTUizoa, 
comprising the Sea-anemoiias and their allies, the Corals, the Sear- 
pens, the Sea-ahruba, and various other organisms. They are all 
defined as Ckelenterate animala in which there is a distinct digeMive 
tac tahieh open* below into the general cavity of the bod^, but it 
nevertkeleu teparaled from tite hody-vxilU by an intervening ipace 
{t/te "perivisceral tpace "), which it divided into a nmuhsr of vertical 
anapartmentt iy a series of partitions or "^ meseateries," to the face* 
ofwhieh the r^rod-uctive m-gans are attached. The Actintaoa(fig. 47), 
therefore, differ fundamentally from the Hydrozoa in this, that 
whereas ia the latter the digestive cavity is identical with the 
body-cavity, in the former t^ere is a distinct digestive sac, which 
opens, truly, into the body-cavity, but is nevertheless separated from 
it by an intervening perivisceral space. The result of this is, that 
whilst the body of a Hydroio6n exhibits on transverse section a 
single tube only, formed by the walls of the combined digestive and 
somatic cavity, the body of an Aetiaozoiin exhibits two concentric 
tubes, one formed by the digestive sac and the other by the general 
walls of the body. Further, in the ActiTwsoa the reproductive 
organs are always internal, and are never in the form of external 
processes of the body- wall as in the Hydrozoa. 

In their minute structure the tissues in the Actinozoa ditfer little 
from those of the Hydrozoa, The body is eieentially composed of 
two fundamental layers— an ectoderm and eudoderm ; but there are 
often well-developed layers of muscular fibres, somewhat obscuring 
this simplicity of structure. Thread-cells are moat commonly pres- 
ent in abundance. Cilia are very generally developed, especially in 
the endodeiTn lining the body-cavity, where they serve to maintain 
a circulation of the contained fluids. The only digestive apparatus 
consists of & tubular or sac-like stomach, which opens iuferiorly 
directly into the body-cavity (lig. 47), and communicates with the 
outer world through the mouth. Deiiuite nerve-centres do not 
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appear to be present, as a rule; but the mesoderm ia usually pro- 
vided with scattered nerve-cells. No definite oi^ns of the circula- 
tion are developed. Distinct reproductive orgtina are always present, 
And true sexual reproduction occurs in all the members of the clasa. 
In a great many forms, however, of the Aelinoxoa, we have com- 
posite organisms or colonies, produced by a process of "continuous" 
gemmation or fission, the BoOida thus originated remaining attached 
to one another. In these cases — aa in most of the Corals — the 
separate beings or zooids thus produced are termed "polypes," the 
term " polypite " being reatrict«d to the Hydroioa. In the simple 
Actinoioa, however, such as the Sea-anemones, the term " polype " is 
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applied to the entire organism, as consisting of no mora than a 
single alimentary region. It follows from this, that the entire body, 
or "actinoaoraa," of any Actinozmrt, may be composed either of a 
single polype, or of seveial such, produced by budding or cleavage, and 
united to one another by a common connecting structure or coencearc. 
Most of the Aclinozoa are permanently fixed, like most Corals; 
some, Uke the Sea-anemones, possess a limited amount of locomotive 
power; and one order, the Ctenopkara, is composed of highly active 
free-swimming organisms. Some of them are unprovided with hard 
structures or supports of any kind, as the Sea-anemones and Cteno- 
pAora ; but a great many secrete a calcareous or homy skeleton or 
framework which is known as the "coral" or "corallum." 



-Google 



The AedrtoBoa are divided into tour orders — viz., the Zoantkaria, 
the Alcgrmaria, the R-agoga^ and the Cl^iophora. 

Order I. ZoANTnARiA. 

The Zoantkaria comprise those Actinoioa iu which the polypes 
are furnished with tmooth, simple, usually jtameroiM tentaelei, whicli, 
like the mesenteries, are in multiples of tix. The Zoantkaria are 
divided iuto three groups, distinguished from one another by the 
presence or aheence of a coral, and by its structure when present. 

The first of these groups is termed Zoantkaria mokicoda-mata, or 
" Boft-skinned " Zoantkaria, because the polypes are either wholly 
de8titut« of a coraJ, or if there is one, it consists merely of little 



scattered spicules of carbonate of lime or grains of sand. Generally, 
'too, the organism is simple, and consists of no more than a single 
polype. The best known of the membere of this group are the 
beautiful Sea-anemones or "animal- flowers" (Actinid^), which occur 
so plentifully on every coast (fig. 4S). It will be aa well to describe 
the structure of a sea-anemone somewhat in detail, as in this way 
a clear notion may be obtained of the general a:iatomy of the 
Actinosoa. The body of an ordinary sea-anemone (fig. 48) is a 
truncated cone or short cylinder, termed the "column," and is of a 
soft leathery consistence. The two ends of the column are termed 
respectively the "base" and the "disc," the former constituting a 
kind of sucker, by means of which the animal can attach itself at 
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wilt, whilst the mouth is placed in the centre of the latter. The 
mouth is Burrounded by a flat space, destitute of append&ges, imd 
the circumference of the disc is in turn surrounded by numerous 
simple tubular tentacles, arranged in alternating rewn. The ten- 
tacles consist of both ectoderm and endoderm, enclosing a tube 
which contmunic&tea with the body-cavity. By the muscular cun- 
traction of the walla of the column, the fluid contained in the 
body-chamber can be forced into the tentacles, which can be thus 
protruded to a great length, whilst they can also be usually re- 
tracted. In some cases the tentacles are furnished with perforations 
at their extremities. The mouth (fig. 47) leads directly into the 
stoniach, which is a wide membrauoua tube, opening by a wide 
aperture into the body-cavity below, and extending about half-way 
between the mouth and the base. The wide space between the 
stomach and body-walls is subdivided into a number of separate 
compartments by radiating vertical plates, which are called the 
"mesenteries," and to the faces of which the reproductive organs 
are attached, in the form of reddish bauds, containing either ova or 
sperm-cells. Below the stomach, the free edges of the mesenteries 
are thickened, and constitute twisted threads or cords, which are 
filled with thread-cells, and are termed "craspeda," The Sea- 
anemones are mostly to be found between tide-marks, in rock- 
pools, or on ledges of stone, adhering by means of the expanded 
base. They are not, however, permanently fiied, but can change 
their place at will. In the nearly aUied Ilyanthm and Arachnactit 
and in some related forma the base is tapering, and it appears that 
the aniinal either lives freely iu the sea, or buries itself to the lips 
in the sand. The true Sea-anemones, as already said, are all simple, 
each consisting of a single polype; but there are closely related 
forms (such as' Zoantkut) in which the organism is compound, con- 
sisting of numerous polypitea united by a creeping fleshy trunk or 



The second group of the Zoaxtfiaria is termed that of the Zoan- 
tharia tclerodfrmata, from the nature of the skeleton or coraL In 
this group are all the so-called " reef-building " Corals, which are the 
principal makers of the well-known "coral-reefs." The members of 
this group all poasesa the power of secreting carbonate of lime within 
their tissuee, so aa to form a more or less continuous skeleton or 
corallum. From the fact that this corallum is secreted by the inner 
layer of the polypes, and is therefore truly -within the body, it is said 
to be " sclerodeimic," in opposition to the kind of coral produced by 
other forms {such as the Red Coral), in which the coral forms an 
internal axis, over which the coenosarc is spread, much as the bark 
encloses the wood of a tree. In this latter case the coral is said to 



be "scIerobaHic" (For illustrations of these different kinds of 
corals, see figs. 49 and 56.) In the typical form of sclerodermic 
oonil, the skeleton is in the tomi of a conical cup (fig. 49), the upper 
part of which is hollow, and is caUed the " calice." The lower part 
is divided into a seriee of compartments by vertical plates, which 
are called the "septa," and which correspoud to the mesenteries of 
the living animal Sometimes the space contained within the walls 
of the cup or "corollite" is broken up by horizontal plates called 
" tabulte" ; but when these are present, there are often no septa. In 
the coral just described we have a single corallite, produced by one 
polype, and this simple condition nmy be maintained throughout 



tliB natural size. (Aflsr Blr C. Wyvtile Tlioiii9..n.) 

life. In the great majority of cases, however, the polypes bud or 
divide, so as to form a, colony all bound together by a common ileah 
or ccen<sarc. When such a colony (fig. 60), therefore, produces a 
sclerodermic coral, in place of a single corallite, we have a compoaite 
skeleton composed of a number of little cups or coi-allites, each of 
which was produced by one polype, and all of which are united by 
means of a common calcareous basis, secreted by the ccenosarc In 
other cases, the colony is produced simply by the budding forth of 
Dew polypes from the sides of the old ones, or by cleavage of the 
original polypes ; so that there is no true ccenosarc In these Gases, 
the compound skeleton is composed simply of the separate corallitea 

" ■ " ' " O" 
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belonging to the individual zobida, without any o 

baaie secreted by a coenosarc. 

As before siiid, the "septa" are Tertical partitions, which divide 



Fig. 0?.— A compound Cor>l(^(InBtinItli(rt)ln Ks tiring stite. (After Dsns.) 

the space contained within the walls (the so-called " theca ") of the 
coral into a series of compartiuenta. The septa spring from the 
inner surface of the "theca" (fig. 51), and advance towards its 



■pue Included within tha wall or "thecB" Is EUMIvlded by O 



centre. Often the septa unite centrally with a calcareous pillar or 
rod, the "columella"; and they are of different breadths. A certain 
number of them extend quite te the centre of the coral, where they 
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meet the columella (when this ia pt«eent). These are called the 
"primary septa." Others, however, fall short of the oeiitre by a 
greater or leaa distance; and these are called the "secondary" and 
"tertiary" septa, according to their breadth (fig. 51). 

Id accordance with their mode of formation, an ordinary com- 
pound sclerodermic coral may be diatinguiehed from a sclerobasic 
coral hy the fact that it would show a number of little cups or 
calices, in which the polypes were contained, whereas these cups 
would be absent in the latter. In accordance, also, with the funda- 
mental character of the order ZoaKtharia, the corals of the present 
group possess septa, which are some multiple of six. 

When it is Tinderstood that coinponnd corals, anch aa we have been 9p«sking 
of, are produced by the combined efforta of a number of polypes, essentially 

that under favourable circtiinstancflfl large InasBfH of coral may be prodnced in 
thia way. When these masses attain snoh a size as to be of geographical im- 
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ohune oc lagoon. 

{■oitance, they are spoken of a» " eoral-reefs," and the phenomena exhibited 
by these are of sucli interest aa to demand some notice. The coral-producing 
polypes require for their enistence that the average temperature of the sea 
ahall not be leas during winter than 66°; and there are therefore no coral-reefs 
in lem|>erate seai. Keefs, however, abound in all the seas not far removed 
from the equator, beiiij found chiefly on tlie east coa»t of Afrion and the shores 

" ■ " O" 
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of Hadagaseu, in the Red Sea and Perslao Oulf, thronghont the Indian Ocean 
and tbe whole of the Pactflc Archipelago, aroand the W«>t Indian Islands, and 
on the cout of Florida. The headquarters, however, of the reef-bnildiog 
coibIb ma; be said tii be around the lelands and continenta of the PaciBo 
Ocean, where they often form masaea of coral many hundreds of miles in 
lei^b. According to Darwin, corai-reefil may be distinguished into three 
principal forms—viz., Pringing-ieefs, Bairier-reefs, and Atolls, distinguished 
by the following characters : — 

1. Fnngmg-Ttefi (ftg. 52, 1). — These are reefs, usnaUf of a moderate siie, 
which may either sniround islands or skirt tbe shores of cotitiiwnts. These 
shore-reefs are not separated &om the land by any very deep ehaim^ uid 
tbe sea on their outward margins is not of any great depth. 

2. BuTrirr-rttfi (tig. 52, 2). — These, like the preceding, may either endnls 
islandEi or skirt continunts. They are distinguished from Mnging-reefs by the 
fact that tbey nsually occur at much greater distances fVom the land, that theia 
iutervenes a channel of deep water between them and tlie shore, and sonndinga 
taken close to their seaward margin indicate considerable depths. 

As an example of this class of reefs may be taken the great barrier-reef 
on the N.K coast of Aostialta, tbe structure of which is on a gigantic scale. 
This reef runs, with a few trifling int«miptions, for a distance of more than 
a thousand miles, with an average breadth of thirty miles, and an area of 
thirty-three thousand square miles. Its average distance from the shore is 
between twenty and thirty miles, the depth of the inner channel is from ten 
to sixty fathoms, and the sea outside is "profoundly deep" {in some places 
over eighteen hondred feet). 

3. AloUt (fig. B2, 3).— These are oval or circular reefs of coral enclosing a 
central expanse of water or lagoon. They seldom form complete rings, the 
reef being usually breached by one or more openings. They agree in all essen- 
tial paiticulars with those barrier-reefs which surround islands, except Uiat there 
la no central island in the lagoon which they enclose. 

The last group of the Zoantkaria comprises composite organisms 
in ivhicti the cteuosarc is supported upou a central axis or sclero- 
basie skeleton, Theae Zoatitharia tclerobatica require no notice, 
except simply to remark that they are diatinguiahed from other 
sclerobasic Corals (such as the Gorgomdee) by the fact that each 
polype poeseasea tentacles which are a multiple of eix in number. 

Order II. Alctonaria. 

The second great order of living Actinozoa is distinguished by the 
(act that the polypes are furnished vi\h fringed tentacles, and that 
these, as well as the mesenteries and somatic chambers, are always 
eight in number. With few exceptions, the Alcgonana are com- 
posite, their polypes being connected together by a ctenosara The 
body-cavities of the polypes are connected with a ayatera of com.- 
municating canals which are excavated in the ccenoBarc, so that & 
traa circulation of nutrient fluids is thus kept up. The structure of 



ACTINOZOA. 91 

tbe polypes of the Alc^onaria is, in essential anatomical fcAturea, the 
same as in the Sea-anemones, but the organism commonly consista 
of two sets of pol3'pes, which differ from one another in struetare 
and in function. A regular coral may or may not be present, and 
when present, varies much in its character ; but most Aleyonariaus 
possess numerous microscopic spicules of lime in their tissues. 

Of the various different organisms included under this older, one 
of the best known is the " Deod-men's-fingers," or AUnonium, which 
occurs commonly on both sides of the North Atlantic. It forma 
spongy-looking masses of a yellow or orange colour, attached to shells 
and other marine objects. The whole mass is covered with little 
Hter-ahaped apertures, through which the delicate polypes can be 



Rg, M. — Colony of Vereiitlvm 
cirmmwrivnt, of tlie OAtural size 
with the polj'peg protruded. 

protruded and retracted at will. Another well-known member of 
this order — the type of another family — is the "Sea-rod" ( Virgvlarid), 
which has the form of a long rod-shaped body of a light flesh colour, 
supported upon a calcareous rod (sclei-obasis), somewhat like a knit- 
ting-needle, which is covered by the etenoearc. From the ecenoBare 
are given out lateral processes, each of which bears numerous polypes. 
Closely allied to I'iT^u^nria is the "Cock's-comb" {Pennatvla) ; but 
in this the lower end of the ccenoaarc is naked and fleshy (tig. 54), 
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Hiid the polype -bearing fringes are considerably longer, giving the 
whole organigm very much the appearance of a feather. In Vere- 
tiUum (fig. 53) the upper part of the colony is short and club-shaped, 
and bears the polype* all round its circumference. 

Another family of the Akyonaria is represented by the so-called 
"Organ-pipe corals," of which Twbipora mnaaa is a well-known ex- 
ample (fig. 55). In this there is a well-developed Bclerodermic coral 
consisting of numerous cylindrical tubes, which are not divided by 
vertical partitions (septa), but which are connected by strong trans- 
verse plates. The coral is bright red in colour, and the polypes are 
usually bright green. In tta minute structure, the coraJlum is com- 
posed of microscopic spicules fused together. 



The best known group, however, of the Alcgonaria is that of the 
Gorgonidm, represented by the Sea-shrubs, Fan-corals, and the Bed 
Coral of commerce, A few of the membere of this family are British, 
but they attain their maximum in point of size and numbers in the 
seas of the tropics. In all the Gorgmiidm the organism consists of a 
composite structure made up of numeroiis polypes united by a com- 
mon flesh or cteuoaarc (fig. 56, B), the whole supported by a central 
branched axis or coral. The coral varies in composition, being some- 
times calcareous — as in Bed Coral — sometimes homy, and sometimes 
partly homy and partly calcareous, as in his. In all cases, however, 
the corallum differs altogether from the sclerodermic coralluni, which 
hss been described as so chamcteristic of the reef-building Corals. 
The coral in the present instance is always what is called "sclero- 
iMipiic " — that is t*> say, it always forms an internal axis, covered by 
vith the polypes produced therefrom. It ia therefore 

- - l^ooxl^ 
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outride the polypea, and b«ara to the ctenoearc the same relation that 
the trunk of a tree bears to its investing bark. This is well shown. 
in fig. 56, B, where there is represented one of these ecierobasic corals 
in Which the corallum consists of a branched homy stem. The 
polypes of all the Gorgonida agree, of course, with their order in 
having eight tentacles eaeh, and by this the; are diBtinguished troai 
the few Zoantkaria in which there is a sclerobaaic coral. The tissues 
of the coenosarc and polypes are usually charged with microscopic 
spicides. 

The best known of the Gorgontdce is the CoraUiian, ruhram, or 
" Red Coral " of conunerce, which in largely imported from the Uedi- 
terranean. In thia species (fig V!) there is a bnght red, finely 




Fig. S6.— A, Portiun or a coiiii-ouiirt Klerodemiio Coral {DjndropAyHiaX shoiriBg thB 
ciipa (o a) produced by tlie Kvamte polyjwa, united by i oonimon cslc»reonji tinsiw, 
B, Pi.rtion of a bimched wlerotasic Cnral (Oorflonia), showing the hard lioniy 
slielelon in the eentte, sutTounded hy a flealiy b»rk or rind (mostly lemoved in 
the Hgure), in which the little polypOB are eiiiljcddEd. 

grooved, calcareous sclerobaais, usually more or less repeatedly 
branched. The corallum is invested by a bright red ccenosarc or 
bark, which is studded with nuraei-ous little apertures. The polypes 
can be protruded from these openings at will, and are milk-white in 
colour, with eight fringed tentacles each. The entire cceiioaarc is 
excavated into a number of communicating canals, with which the 
cavities of the polypes are connected, the whole system being filled 
with a nutritive fluid known as the "milk." 

Another group of the Alci/onaria has recently been constituted 
under the name of Hdioporidix for the singular stony corals belong- 
ing to the genus Heliiipora, formerly believed to belong to the 
Zoaatharia. In this genus, the corallum is compound, and is formed 
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of tubular corallites, funiuhed with both tabulte and radiating septa, 
and separated from one anotlier bj an assemblage of amaller tabulate 



g. BT.— Red Coral (ComUitm niSrvm), c 



tubes, occupied by rudimentary poljrpes. Along witb the living 
Hdiopora of the Pacific and Ind^ Oceans, various ancient corals 
(HeliolUet, &c.) have been placed. 



Order III. BuoosA. 

This order merely requires mention, as almost all, or all, its mem- 
bers are extinct, and are therefore only known to \ia by their hard 
parts or skeletons ; while the true characters and limita of the group 
are not completely worked out. They agree with the Zoaniharia 
gclerodennata in having a well - developed sclerodermic corallum, 
but differ from them in the fact that the septa are typically in four 
systems ; and there are generally transverse plates or tabulfe com- 
bined with the vertical plates or septa. On the other hand, they 
agree with the Alq/imaTia in having their parts in multiples of 
four, but differ from them in having a well-developed sclerodermic 
corallum in which septa are present. They are chiefly known as 
fossils in the older rocks of the earth's crust, and they have no un- 
doubted representatives at the present day. 

" ■ " O" 



Order IV. Ctenophora. 

The fourth aiid last order of the Actinoioa is that of the Ctenophora, 
comprising a number of free -swimming oceanic creatures, very dif- 
ferent in appearance from any of the forms which we have hitherto 
been considering, and often placed among tlie Hydrozoa. They ai* 
all transparent, gelatinous, glassy- looking creatures, whith are fouiiU 
near the surface in the open ocean, swimming rapidly by means of 
bands of cilia. The cilia are arranged in a series of transverse ridges, 
which are disposed in longitudinal bands, the whole constituting loco- 



motive oi^juis which are known as " ctenophores " (fig. 68, c). In 
none are there any traces of a corallum or skeleton, and thread-cells, 
or cells which represent these, are generally present. As the type 
of the order, we may take Fleurohraehia or Cydippe (fig. 68). The 
body of PUurobrackia is transparent, colourless, gelatinous, and 
melon-shaped, and exhibits two poles, at one of which is placed the 
mouth. The globe-like body is liivided into a uimiber of crescentic 
lobes by eight ciliated bands or ctenophores, which proceed from 
near the mouth to near the opposite pole of the body. Besides the 
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- cilia there ai* two very long and flexible t«ntaciilar proceaaea, which 
are fringed on one side by amaller aecondary branches. The ten- 
tacles arise each from a kind of sac, one placed on each aide of the 
body, and they can be instantaneously and completely retracted 
vithin these aaca at the will of the animal. The mouth of Plewo- 
brachia opens into a spindle-ahaped digestive aac or atomach, which 
in turn opens below into a wider and shorter cavity termed the 
"funnel"; from this there proceed in the axis of the body two 
small canals, which open at the opposite pole of the body. The 
funnel communicates with a complicated system of canals, which 
are ciliated internally, and are filled with a nutrient fluid. lu the 
angle between the two canals which run from the base of the 
funnel to the surface is a little vesicle or sac, believed to be a 
rudime;itary organ of hearing, and placed upon this is a little mass 
which is generally believed to be of a nervous nature. Therepro- 
ductive organs are developed in the walls of the canal-ayatem. 



Fif. 50.— Ctenoiihoni. Calum Vtairia, ToAaneA io f 

The only other form of the Ctenophi>ra which deserves n 
the "Venua's girdle" {Cettum Veneris), which agrees in essentials 
with Pleiirobraekia, but is greatly elongated in a direction at right 
angles to the alimentary canal, till we have a ribbon-shaped body 
produced (fig. 69), four or five feet in length and two or three inches 
high. CettitM is not uncommon in the Mediterranean, and has the 
power of phosphorescence, appearing at night as a moving and twist- 
ing band of fiame. 
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SUB-KINGDOM III. ECHINODERMATA. 

CHAPTER X. 

ECHINODERMATA. 

The Eckinodenaata may be defined aa iirnple marine organitmi, 
which are mostly bilaterally ^/mjnetrieal when young, but which in 
ike adult condition have thu bilateral lymmetry more or less exten- 
siveli/ maalted by a raduU {usually penlameroas) arrangeTiient of 
their parts. An alimentary canal, with or ipitkuut a distinct amis, 
and separate from the proper hody-eavity i» pretent. A eyslem of 
water-vetseU, often commanicatinff directly vith the exterior, and gen- 
erally amnectai with protrurible tubes {"feet"), is present. The nervous 
system is radiate, cotuiiting of an (esophageal ring and radiating 
branches. The iniegumeid is characteristicaUy hardened by the deposi- 
tion, in it of carbonate of lime in the form of plates, granules, or Kpieules. 
The luembere of thin sub-kingdom are popularly known as Sea- 
urchins, Star-fishes, Brittle-8taj:a, Feather-stiuB, Sea-cucumbers, &c., 
and derive their name of Echinodermata (Gr. echinog^ a hedgehog ; 
and derma, akin) from the generally prickly nature of their integu- 
ments. In all, the ekin is possessed of the power of secreting 
carbonate of lime, but in very different degrees. In the Sea- 
urchins this goes SCI far that the body becomes enclosed in a kind 
of box, composed of numerous calcareous plates firmly jointed to- 
gether. In the Star-fishes and their allies the skin is rendered 
prickly by grains, tubercles, or spines of calcareous matter, and the 
body is either destitute of regular plates or is only partially enclosed 
by them. In the Sea-cucumbers, again, the calcareous matter is only 
present in the form of minute grains scattered in the skin. When 
adult, they all show a more or less distinctly radiate structure, 
which is most conspicuous in the star-shaped Star-fishes and Sand- 
sbiTs, but can be detected in al! the members of the class. When 
young, however, they almost always eihibit what lb called " bilateral 
symmetry" — that is to say, they show similar parts on the two 
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sides of the body. In all Euhiuoderms there is a water-Tascular 
systeiD of tubes, which is termed the " ambulacral syatem," which 
geuerally communicates with the esterior, and which iu most cas«e 
is used iu locomotion. An alimentarj canal is always present, and is 
always completely shut <rff from the general cavity <rf the body. There 
are always distinct organs of reproduction, which are almost always 
placed ill different individuals, so that the sexes are distinct. The ner- 
vous system is iu the form of a ring surrounding the gullet and send- 
ing branches in a radiating manner to different parte ot the body. 

Que of the most characteristic pointe about the Echinoderms is 
their mode of development. In moat cases, namely, the embryo is 
a. little oval body covered all over with cilia ; but in the course of 
growth the cilia become restricted to transverse bands or to definite 
outgrowths of the body. The embryo is now often somewhat coni- 
cal or pyramidal in shape, with long projecting processes, and may 
be supported by a provisional internal skeleton (fig. 60). An ali- 



Flg. fW— Latra of EoSiNiii. Utter J. Mllllfr.) A, A. Front srma with their Inleni*! 
ekeleton ; F, F, Anos of the month ■ process ; B. FosMrior side.Bnni : a Mouth : 
or (Eaoiihaffua ; h Stomach ; b' Intestine ; d Clliftted bands ; // Ciliated epaulets ; 
c Disc or the future EdUavt. 

mentary canal with a distinct mouth and anus is present, and the 
embryo is thus divided into two bilaterally symmetrical halves. 
This singular embryo was originally described, in the case of the 
Sea-urchins, as an independent animal, und<^r the name of " PluUut." 
The special peculiarity of the further development of the embryo is 
that the adult animal is ultimately developed out of a mass of active, 
growing protoplasm which appears on one side of the stomach of 
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thti PluteuB, and finally envelops that oi^gan; irhile a new mouth is 
fomied, and a large part of the provisional embryo ia absorbed. 
The adult further produces a fr^ skeleton for itself, and now 
eihibita conspicuous radial symmetry. 

The Echinodermata are divided into seven orders, aa follows; — 

1. EcMjioidea (Sea-urchins). 

2. Asleroidea (Star-liBhes). 

3. Ophiwoidea (Sand-stars and Brittle-stars). 
4 Crinoidea (Feather- stars). 

5. Cyttoidea (extinct). 

6. Blastoidea, (eztinct). 

7. Holothuroidea (Sea-cucumbers). 

Order I. Echinoidea. 

The animala included in this order vary from the shape of a spher« 
or globe to that of a disc, aud they aie all commonly known aa " Sea- 
urchins " or " Sea-eggs," They are all characterised by the fact that 
the body is encased in a " test " or " shell " (fig. 61) composed of 
numerous calcareous plates, usually immovably jointed together so 
aa to form a kind of box. The intestine is convoluted, and there is 
a distinct vent, or anal aperture. 

The test of a Sea-urchin, as just said, consists of many calcareous 
plates accurately fitted ti^ether, and united by their edges, or, in a 
few cases, overlapping one another. lu ajl living forms the test ia 
compoaed of ten zones of plates, each zone consisting of a double 
row. In five of these zones (lig. 61, A, i) the plates are of large 
size, and are perforated by no apertures. These are termed the 
" interambulacral areas." In the other five zones (fig, 61, A, a) the 
plates are of small size, and are perforated by little apertures for 
the emission of delicate locomotive suctorial tubes (the so-called 
"ambulacra! tube-feet"). These zones are therefore called the 
"ambidacral areas." Besides these main rows of plates, which 
collectively make up the greater part of the test, there are other 
plates placed in the leathery skin round the mouth and vent. The 
most important at these form a kind of disc, which is placed at the 
summit of the shelL This disc (fig. 61) ia composed of two sets of 
plates — one called the "genital plates," perforated for the ducts of 
the reproductive organs ; the other set smaller, carrying each a little 
" eye," and known by the name of " ocular plates." One of the 
genital (ilates is also larger than the others, and carries a spongy mass 
which is called the "madreporiform tubercle," and which protects the 
entrance of the water- vascular or ambulacral system. The whole of 
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the teat is covered with numerous tuberclea of different sizes, which 
carry longer or shorter spines (tig. 61, E). The spinea are jointed to 
the tubercle by a sort of " ball-and-gocket " or " universal " joint, 
and they are completely undei*tbe control of the animal, so as to be 
used both in locomotion and apparently as defensive weapons. In 
most of our British species the spines are short, but in many tropical 
forms they attain a very great length. Besides the spines, the outer 
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UetDbreue euiroaudliig the anuii. {Flgt. A, B, and D iit aftei A. AgasBli.) 

surface of the test is furnished with curious little bodies called 
" pedicellarise " (tig. 61, F), which were long believed to be parasitic. 
ITiey consist of two or three blades mounted upon a flexible stalk, 
and constantly employed in snapping together like the beak of a bird. 
They occur in many other Echmoderviata, and their use is obscure. 

Locomotion is effected in the Sea-urchins by a curious system of 
contractile tubes which are known as the "ambulacral tubes" or 
"tube-feet," and which are appendages of the water-v.iscular ^stera. 
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The folloniDg ia esaentiall j the atrangement of the whole aqniferous 
system (see Hg. 62). From the madreporiform tubercle on the" 
laigeat of the genital plates there proceeds a membranous canal, the 
" sand-canal " {*), hy which the outer water is conducted to a central 
tube (r), which forms a ring 
round the gullet. The tu- 
bercle is spongy, and is per- 
forated with little holes, and 
its function is probably to 
act as a filter, and prerent 
foreign particles gaining ac- 
cess to the interior. The 
"circular canal" carries fiv« 
little bladders of unknown 
function, termed the "Polian 
vesicles" (p). From the 
" circular canal " round the 
gullet proceed also five "ra- 
diating canals" which take 
their course towards the 
summit, of the shell, under- 
neath the ambulaciul areas 
(a). In its course each radi- 
ating canal gives off numer- 
ous short lateral tubes (()^ 
the ambulacral tubes or tube- 
feet — which gain the exte- 
rior of the shell by passing 
through the apertures in the 
ambulacral plates of the shell, 
and which terminate in little 
sucking -discs. The tube-feet , 
can be distended with water 
by means of a series of little 
muscular bladders or " am- 
pulUe" (r) placed at their 
bases, and they can thus be 

thrust far out beyond the ("^'i^^ownononeaideofoneortlieracliat- 

shell, into which they can be 

again withdrawn at the will of the animal. However long the 
spines may be, the animal can protrude the tube-feet to a still 
greater length ; and by the combined action of the little suckers 
at their extremities locomotion is effected with moderate rapidity, 
considering the bulk of the body, 
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The digestive sjstem in Eehinui coniiets of a mouth armed 
with a curioua apparatua of calcareous teeth, which opens into a 
giillet, which in turn conducts to a long intestinal tube. The 
teeth form a singular pyramidal structure kaonu a£ " Aristotle's 
lantern " ; but many Sea - urchins are without teeth. The long 
and convoluted intestine is attached to the interior of the shell 
by a delicate membrane or " mesentery," and terminates in a dis- 
tinct vent. The surface of the mesentery, as well as that of the 
lining membrane of the shell, is richly ciliated, and thus serves to 
distribute the fluid which fills the general cavity of the body, and 



Vig.fiZ.—Ctiaritfapillata. (After Qossv.) 

which corresponds with the blood, to all parts of the body. It is 
doubtful if auy true blood-system is present, but there is present 
a system of tubes, of which the principal )iortion is a long fusi- 
form veaael running parallel with the sand-canal, and which have 
been regarded as blood-vessels. The nervous system consists of a 
gangliated cord placed round the gullet, and sending five radiating 
branches along the ambulacral areas. The two sexes are distinct, but 
in both the reproductive organs are in the form of five membranous 
sacs placed in a. radiating manner in the interambulacral areas, and 
opening at the genital plates. 

The majority of the Sea-urchins are found at moderate depths in 
the sea, especially in the neighbourhood of oyster-banka. Others 
spend their existence buried in the sand ; and one species excavates 
holes for itself in the solid rock, apparently by some mechanical 
action. 
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Order II. Aetbroidga. 



As the stracture of the Sea-urchins may be taken as embodjing 
the roost important anatomical peculiarities of the EchtnodervKtta, 
and as this has been described at some length, it will not be ueces- 
Bsry to do more than briefly indicate the more important charact«r- 
iHtica of the remaining orders. In the present order are included 
all the true Star-fiahes ; the Sand-stara and Brittle-stars being now f 
regarded as a distinct group. The body in all the Asteroidea is 



pig. 61.— The ComnioQ Btu-flsh (OraMer ru5ent>, natuni ei», viewed from above. 

more or less obviously star-Hhaped (fig. 64), consisting of a central 
disc BuiTounded by five or more lobes or arms, which radiate from 
the body, are hollow, and contain prolongations from the stomach. 
The body is not enclosed in an immovable box or teat, as iu the 
Sea-urchins, but the integument is of a leathery nature, and is 
richly furnished with calcareous plates, tubercles, aiid spines. The 
true Star-Ashes are distinguished from the nearly allied Brittle-stars 
(Ophiaroidea) by the fact that the arms or " mys " are direct pro- 
longations of the body, that they co;itain prolongations of the 
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stonmch, and that they are deeply grooved on their under surfaces 
for the mdUting vessels of the water-vaacular system, which are 
further protected by a sort of internal skeleton. The upper surface 
of the body and anna is richly furnished with calcareous matter, in 
the form of prickles, tubercles, spines, and pedicellariee, these last 
being peculiarly modified spines. The upper surface, also, exhibits 
the madreporiform tubercle in the form of a concentrically striated 
disc placed at the angle between two of the rays ; and also the 
aperture of the anus, when this is present The mouth is placed 
in the centre of the lower surface, and is not furnished with 
teeth. It leads into a pouched stomach and very short intestine, 
which usually terminates on the upper surface by au anal aper- 
ture ; but the anus is occasionally wanting. From the upper 
end of the stomach in all the Aiteroidea proceeds a series of 
much - branched membranous sacs, two of which are prolonged 
into each ray. These sacs are of a brown or greenish colour, and 
are often called the " hepatic csca," as they are supposed to corre- 
spond with the liver. The water-vascular or ambnlacral system is 
in most eeseutial respects identical in structure with that of the Sea- 
urchins, making due allowitnce for the different shape of tiie body. 
The madreporic plate leads into a short sand-canal, which opens 
info a circular ring round the gullet The circular ring carries 
Folian vesicles, :uid gives off the radiating ambulacml vessels, oiie 
of which is piwlonged to the extremity of each ray, running at the 
bottom of the deep ambulacral groove on the under surface of the 
arms. The ambulacral groove is foimed by a double row of cal- 
careous pliLtes (the " ambulacral ossicles "\ and the radiating ambu- 
lacral vessel with its tube-feet lies underneath these plates. On the 
other hand, the "ampulla," or little bladders which distend the 
tube-feet, are situated abaue the ambulacral ossicles, and therefore 
in the interior of the arm ; and the ampullte become connected with 
their respective tube-feet by passing through a series of porea 
formed between successive pairs of ambulacral ossicles. The ner- 
vous system consists of a gangliated ring surrounding the mouth and 
sending bi^mches along eHch of the arms. The repi-oductive oigans, 
like the nervous system, exhibit a radiate condition, being arrai^ed 
in pairs in each my. 

The Star-lishes are found on fdmoet all shores, but many forma 
are properly inhabitants of deep water. They differ much in the 
gener^ shape of the body. In the c<«nmon Cross-fishes {UrcMer or 
Aiteriat) the disc is small, and is furnished with lung finger-like 
rays, which are properly five in number. Id the Cribella the 
general shape is much the same. In the Sun-stars (Solatter) the 
disc is large mid well marked, and the ni}'s are from twelve to fif- 
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teen in number, and short«r than the diameter of the disc. In the 
Cusbiou-stara (Oonituter) the body is in the form of a five-angled 
disc, more or leas flattened on both sides, the rays being only 
marked out by the ambulacral grooves upon tlie lower surface. 

Order III. OphiuroidEa. 

This order comprises the common firittle-stars and Sand-stars 
(Opkiogh/pha, Ophiara, Ophiothrix, Ophioeoraa, Sic) The body in 




the OphivToidea coiisiBte of a circular central disc covered with eroall 
calcareons plates, and giving off five long slender anna (fig. 65), 
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vhich Hiaj be aiiaple or branched, but which do not cont^n anj 
prolongations from the atomoch, uor have their under autfacea 

excavated into grooves for the protruaion of ambulacral tube-feet 
The 'arms, in fact, are not prolongations or lobes derived from the 
body itself, but are special appendages added for purposes of loco- 
iDOtioQ and prehension. The arms are very much longer than the 
diameter of the disc, and are protected by four rows of calcareous 
plat«3^une above, one below, and one on each side. In the centre 
o£ each arm is a row of calcareous pieces which form a kind of 
internal axis or skeleton, below which is placed the radiating 
ambulacisl vessel. The main internal organs are contained within 
the disc, and none of them paiSS into the arms except the nerve- 
cords and ambulacral vessels. The mouth is placed in the centre of 
the iinder surface of the disc, and opens into a globular, simple 
stomach, which is not furnished with an anal aperture, all indigest- 
ible particles being got rid of through the mouth. In various 
points of their anatimij the Ophiiiroidea differ considerably from the 
true Star-fishes, to which they are most nearly related, but these 
differences do not require further notice. 

The habits of the Brittle-stars and Sand-stars are various, but 
ijiany of them may be found in ruck-pools or under stones at low 
water on most shores. One of the most remarkable types is the 
Medusa-head Star, in which the arms are divided from the base, 
first dichotomously and then into many branches, 

Ordbr IV. Ceinoidba. 

In this order are comprised Echinodermata, in which the body is 
fixed, during the whole or a portion of the existence of the animal, 
to submarine objects by means of a joint«d flexible stalk or column. 
The Crinoidea were formerly very numerous, both individually and 
in types, but they are represented at the present day by but a small 
number of living forms, of which one group only (viz., that of the 
Feather- stars) is at all of common occurrence. The body in the 
Crinoids consists of a central disc or cup formed of calcareous plates, 
and protecting the body of the animal. From the margins of this 
cup spring five or more arms which are arranged in a radiating 
manner, so as to form a more or leas feathery crown. In one of the 
living groups {Comatida or Antedon), the animal, when full grown, 
is free ; but in all other living types, and in the gi-eat majority of 
fossil forms, the body was attached throughout life to the sea- 
bottom by means of a jointed stalk fixed to the lower surface of the 
cup (fig. 67). 

The commonest living group is that of the Feather-stars {Comatida 

_ _ Joosic 
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or AiUedori), species of wbich are found in almoet aU seas. In this 
group the organism conaiato of a central body or disc, from which 
proceed five radiating arras, which diride almost directly &fter their 
origin into two secondarj' branches, so that ultimately there are 
produced ten long aod slender rays. Each arm is furnished on 
both sides with a number of little jointed lateral processes or > 
"pimue," so as to assume a feather-tike appearance, from which its 
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popular name is derived (fig. 66). The digestive system is furnished 
with both a mouth and a vent ; the water-vascular or ambulacral 
system appears to take no part in locomotion, and the reproductive 
organs are lodged in the lateral processes of the arms. The most 
remarkable point, however, about a Feather-star, is the manner in 
which development takes place. When fully grown (fig. 66) it pre- 
sents no small superficial resemblance to some of the Ophiuroidea. 
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When yoimg, the Comatida is so different in appearance from the 
adult, that it was originally described aa a distinct animal It con- 
aista now of a little cup-shaped diic with ten radiating arma above, 
produced by tlie splitting into 
two of five primary rays, aiid 
furnished inferiorlj with a 
little flexible column or stalk 
composed of a number of cal- 
careous jointa. Bj this jointed 
stem the body is at this period 
of life fixed to sea -weeds 
or other submarbe objects. 
When sufficiently mature, 
however, the body drops off 
ita stalk, and then only re- 
quires to grow ID size to 
become a fully developed 
Ctnaaivla. 

The stalked condition which 
we have just seen to constitute 
a merely temporary stage in 
the life -history of Comatida 
is, on the other hand, the per- 
manent state of parts in all the 
" Stone - lilies " and in most 
other fossil Crinoidea, and in 
a few living forms. Of the 
living stalked Crinoids the 
ones with which naturalists 
have been longest acquainted 
are the specif of PertMcrinv*, 
from the seas of the West 
Indies. Bccentlyanumberof 
stalked Crinoids have been 
obtained from great depths in 
the sea, showing (hat these 
ancient types still survive, 
though in much diminished 
Cup ; e c irnifl. numbers. One of tlie most 

interesting of these deep-sea 
Crinoids is the little Bhizocrinui lofotemig (fig. 67), which seems 
to be distributed over the whole of the deeper portions of the 
North Atlantic. 
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Orders V. akd VI. Ctstoidba and Blastoidea. 

These orders merely require to be mentioned here, as all the forms 
included in them aie extinct, and are unrepi'esented at the present 
day by living species. In both, the body ia enclosed in a kind of 
box formed by jointed caleai'eous plates, and it waa in most cases 
permanently fixed to the sea-bottom by a jointed stalk or column. 
The arms, which form so conspicuous a feature in the true Crinoidea, j 
were either absent or very rudimentary. Both orders are in many 
respects closely allied to the Orinoidea, and they constitute prob- 
ably the least highly developed sections of the whole class of the 
£chinodernuita. 

Order VII. Holothuroidea. 

In this order are comprised the highest of the Eohinodermata, all 
very different in outward appearance from any of the forms we have 
hitherto considered. They are commonly known as Sea-cucumbers 
or Trepangs, but, except in warm seas, they are rare niid inconspicu- 
ous animals at the best. They are all more or less womi-shapcd or 
snail-like in form, and they are not provided with any regular ahell. 
The akin is leathery, and generally contains calcareous matter in the 
form of microscopic plates or spicules, or more rarely in the form of 
larger overlapping jJates. The body is capable of great changes of 
form in the way of extension or contraction, being provided with 
exceedingly powerful longitudinal and transverse muscles. Loco- 
motion is effected by the alternate extension and contraction of the 
vermiform body, or by rows of ambulacral tube-feet, like those of the 
Sea-urchins, protruded through the integument. Typically, the tube- 
feet are arranged in live longitudinal zones, as in the Sea-urchins 
(fig. 68) ; but, ill other cases, the tube-feet are irregularly distributed 
over the whole body, and in a few cases they are emitted from the 
tower surface of the body alone. In some forms (Synaf>ta), there 
are no tube-feet, and locomotion is effected by numerous minute 
anchor-shaped spicules of lime, attached to plat«3 sunk in the skin 
(fig. TO). The water- vascular or ambulacral system is sometimes 
quite rudimentary, but in other cases its internal arrangement much 
resembles that of the Sea-urchins, except that the madreporiform 
tubercle is not placed on the outside of the body, but hangs down 
freely in the interior of the body. The circular ceaophageal ring carries 
generally one very long Foiian vesicle (fig. 69, p) ; and the tube-feet 
are provided with " ampulla." The mouth is situated at the anterior 
end of the body, and is provided with a crown of branched tentacles 
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(fig. 68). It opens into a long couvoluted digestive tube, which is 
attached to the body-valls bj a delicate meseateiy, and terminates 
in a large muscular chamber or "cloaca" (fig. 69), which in turn 
communicatea with the exterior hy the anal aperture. Springing 
from the cloaca in many Holothurians are two much-branched tubes, 



Fig. eS, — Cuinaaarla fnmdosil, Ti~. Sfl.— HdloCAtmidao. Seiiil-dlagnininutic 
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which run forward towards the anterior end of the body, and which 
are filled with sea-water from the exterior. These tubes seemingly 
act as respiratory orgaiiis, and are usually spoken of as the " respira- 
tory tree " (fig. 63, / 1). The Holothurians have a nearly world-wide 
distribution, and are found from between tide-marks up to great 
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depthe in the sea. Many of the deep-sea forms exhibit singular 
modificationa of structure. Some Holothurians {e.g., Synapta) bur- 
row in sand or mud ; others are free. Manj attain a considerable 
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SUB-KINGDOM IV. ANNULOSA. 

CHAPTEfi XI. 

General Chabactfebs or tbb Assvloba — Divibioks op thb 

AvvvLosA — Characters and Orders of the Scolecida. 

The Annuloee animals are characterised by the posseBsion of a 
usually more or lees eloagatfd body, iskieh it bUtUeralli/ symmetrical, 
inttead of being radially disposed. ComToonly the body is divided into 
sintilar segToeTtts. which may be definite or indefinite, and are arranged 
aloTig an antero-posttrior aids. Lateral appendages way he present or 
absent, and what present are bilaterally disposed. A nervoiu tystem 
is present, and consists of one or tioo ganglia placed in the anterior 
part of the body, or of a venlrally placed double gangliated cliain. 

The aub-kingdom Annidoea may be divided into the following 
three primary sections, each of which admits of sufficiently definite 
characterisation : — ■ 

I. ScoLBCTDA. — This division includes the parasitic Worms (En- 
tosoa), the Wheel-animalcules, and some allied forms, and is char- 
acterised by the fact that the body ia flattened, and either uns^- 
mented or imperfectly segmented, though the integument may be 
annulated. A water -vascular system is present, but the water- 
veaaela are not concerned with locomotion. There ia no true blood- 
system ; and the nervous system consists of one or two cephalic 
ganglia, and never has the form of a gangliated ventral chain. Lat- 
eral appendages are almost universally wanting 

II. AsARTHROPODA. — This division iududea the Spoon worms 
(Gepkyrea) and the Ringed Worms (Annelida) an I is charactensed 
by the fact that the body is composed of a number (tft^n mdefinite) 
of similar or nearly similar segments arranged longitudmally A 
" pseudohsenml " system of vessels ia generally present The nervous 
system is placed v^ntrally, and consists typically of a double chain 
of ganglia, united by longitudinal commissures and fonumg an 
(esophageal collar. Cilia are generally developed Lateral locomo- 
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tive appendages are usually present, but are never jointed or articu- 
lated to the body. 

III. Arthropoda. — This dirision includee the Cnistaceans {Crut- 
tacea), the SpiderB, Scorpions, &e. {Aracknida\ the Centipedes and 
their allies {Myriapoda), and the Insects (Imecta). The body (fig. 
71) ia composed of a series (usuallj definite) of distinct rings or 
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" somites," arranged along a longitudinal axis. A true blood-vas- 
cular system ia normally present, and the heart is placed dorsally. 
The nervous system consists primitively of a double chain of ganglia, 
placed ventrally, and traversed anteriorly by the (esophagus. Limbs 
are almost always present, and are jointed and articulated to the 
body. The integument is more or leas extensively hardened by 
the deposition in it of chitine, with or vrithout salts of lime ; and 
ciliated epithelium is not developed. 



SCOLECIDA. 

The Sooledda are characterised, as compared with the higher 
Annuloee Animals, by their wisegntented or imperfectly tegmented 
bodiei ; by the general absence of lateral appendages ; by Ike potiet- 
econ of hranxbed icater-vesseli, fiiled imth a watery /l-uid, and utwilly 
commuriieaiing ivith the exterior; and by the fact thai the nervou* 
tyttem eoniiite of one or two ganglia titimted in the anterior part of 
the body. 

A large number of the Scoiecids are internal parasites, and are 
commonly known by the name of Entotoa. Many forma, how- 
ever, lead a permanently free existence. The ScoUdda are often 
divided into two great sections— viz,, (1) the Platyelmia or Fiat- 
worms, including the Tape-worms (Tre^iada), the Fluke-worms 
{Trematoda), and the Turbellarian Worms ; and (2) the Nematdmia 

- - ^-'O'^IC 
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or Bound Worms, comprising the Thorn-headed Wornis (Acarako- 
cepkcda), the Hair-worms (Oordtacea), and the typical Bound-worms 
and Thread-worms {Nemattndea). A third division must b« con- 
stituted for the reception of the Wheel-animalcules (Roti/era). 



SECTION A. PLATYELMIA. 
Order I. T^^iada. 

This order comprises the singular animals known as Tapeworms, 
all of which are found living as parasites within the alimentary 
canal of other animals ; the young (often called " Cystic worma " or 
" filadder-worms ") being also parasitic, but usually inhabiting the 
solid tissues. As a general rule, the adult tapeworm inhabits the 
alimentary canal of an individual of some one species of the higher 
animals ; while the young of the same tapeworm inhabits the tissues 
of an individual belonging to some other species of animal. As a 
rule, therefore, each tapeworm is, at different times of its life, 
parasitically related to two different animals, belonging generally 
to different species. In its early stages each tapeworm inhabits 
the tissues of what may be called its " intermediate bearer," while 
in its adult condition it inhabits the intestine of what we may term 
its "final host." As a rule, the "intermediate bearer" and the 
"final host" are not only different individuals, but they belong to 
different kinds of animals — the two, however, being so far related 
to each other that the "intermediate bearer" is liable to be eaten 
by the "final host." 

Many animals are infested by tapeworms ; but all the leading 
points of interest in the order will be brought out by a considera- 
tion of one of the commonest of the tapeworms to which man is 
subject — namely, the Pork -tapeworm, or Trenia golijim. The Pork- 
tapewoim is found inhabiting the intestines of man, one only being 
generally present in the same individual. In shape (fig. 72) it is an 
extremely elongated, flattened, tape-like body, many feet in length, 
and composed of a number of flattened joints all loosely united to 
one another. At one extremity the joints, technically called the 
" proglottides," become much smaller and narrower, till ultimately 
a point Ls reached where the organism is firmly fixed to the mucous 
membrane of the intestine by means of a minut« rounded head (tig. 
72, a). The organs by which attachment is effected are, in this 
species, a crown of recurved hooks and four suckers. In other 
types only the suckers are present (fig. 73, e). The head is in reality 
Uie true animal, and all the long, jointed, tape-like body which 
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follows this ia really produced bj a process of budding from the 
head. The head contains no reproductive organs, and is not fur- 
nished with a mouth or digestive organs of any kind, its nutrition 



being entirely effected by imbibition of the nutritive fluids elaborated 
hy ita host. A nervous system, in the form of two ganglia, united 
by a transverse commissure, and sending filaments backwards, is 
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present. The water-vascular aystera consiats of two long vessels 
which run down each aide of the body and communicate at each 
articulation by a transverse vessel, the whole opening in the last 
joint into a contractile veaicle. Each joint, or " proglottis," is seiu- 
aily perfect, or hermaphrodite, contaiinng both male and female 
reproductive organs, which open on the surface by a small raised 
aperture, the " generative pore " (fig. T.'l, A). Almoat the whole of 
each of the mature jointa is filled up by a much-branched utenis. 
As the head ia the true animal, and the numerous joints are only 
produced by budding, it follows that the entire organism ia to be 
regarded as a kind of colony, constituted by a single eexleee zoi3id 
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IS sexual zooida, produced by budding from 
the former. 

The process of development^that is to aay. the process by which 
this composite oi^anism, commonly known as the tapeworm, is pro- 
duced — ia a very remarkable one, and is biiefly as follows : Each 
generative segment or joint, as already said, is hermaphrodite, and 
contains innumerable ova. These eggs, however, cannot be de- 
reloiied within the body of the animal infested by the tapeworm 
itself, but they are compelled to gain acceaa to the body of aorae 
different species of animal, if development is to proceed. To secure 
this end, the matui-e joints of the colony break off, and are expelled 
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from the alimentaiy canal of the hoat. The joints thus expelleil dja 
and decompose, and their contained eggs are thus set free. Each 
egg is covered with a little leathery cajisule which protects it from 
injury, and contains a minute embryo Ju its interior. If this micro- 
scopically small egg be swallowed — as in many ways it easily may 
be— by another warm-biooded animal (in this particular case by the 
pig), then a fresh series of changes ensues. The leathery case of the 
ovum is dissolved in the stomach of the new host, and the embryo, 
or " pro-BColes " (fig. 73, f\ is set free, when it bores its way through 
the walls of the stomach by means of little hooks or spines with 
which it is provided. Having reached a statable locality, the young 
tapeworm proceeds to surround itself with a kind of cyst, and it 
develops from its hinder end a kind of bladder or vesicle filled with 
a clear watery fluid. The young tapeworm is now what is techni- 
cally called a " scolei," and it constitutes what used to be termed 
a "Cystic Worm" (fig. 73, g). It cnnsiats not only of the caudal 
bladder, but also of a short neck carrying an oval " head," which 
is furnished with four suckers and a little crown of booklets. The 
" scolei " of the Tarda eolium, is generally about a fourth of an inch 
in length, and is found embedded in the muscles of the pig, when 
the pork is aaid to be " measly." When first discovered, the young 
tapeworm was regarded as a distinct species of worm, and waa 
described under the name of Cyetkeriyut ceUvlotie (flg, 73, g). In 
this cystic stage the young tapeworm may remain for an apparently 
indefinite period, being quite incapable of developing eggs. For its 
further development it is necessary that it should now be introduced 
into the alimentary canal of man. If a portion of meaaly pork be 
eaten, with these cystic worms embedded in it, then the young tape- 
worm is liberated from its cyst : it fixes itself by means of its 
suckers and booklets to the mucous membrane of the intestine, and 
its caudal bladder drops off. It is now converted into the head of 
the adtdt tapeworm. It finally commences to throw out buds from 
its hinder extremity, and in these buds or joints the reproductive 
elements are produced, so that ultimately we get the long flattened 
jointed colony with which we started. 

A like extraordinary series of phenomena is now Known to occur 
in other cases, but these can be merely allude<l to here. Thus, 
another of the common tapeworms of man — viz., the Beef-tapeworm 
( T<Bnia medwcuTteilata) — lives as a " scolex " or " cystic worm " in the 
muscles of the ox. The tapeworm of the cat {Tirniia craiaicollis) 
spends its "cystic" stage in tlie tissues of the mouse. One of the 
tapeworms of the dog (viz., Ttenia Hrraia) inliabits in its early life 
the bodies of hares and rabbits. Another tapeworm of the dog (viz., 
Ttsnia cemuna) is found as a " cystic worm " inhabiting the brain of 
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the ^eep, in vhicb animal it produces the disease known as the 
" at^^gen." Lastly, another carioiiB tapeworm of the dog (viz., the 
Taenia eckinococcm) live* in its young stages in the human body, 
giving rise to what are known as " hydatid turaoure." The adult 
tapeworm of this species is only about a quarter of an inch in length, 
and consists only of three joints besides the bead. The Bo-called 
" hydatid tumour " consists of one or more bladder-like tumours, 
varjring greatly in size, embedded in the liver, lungs, brain, or otlier 
solid organ of the human body. The bladder is filled with a watery 
fluid, and its inner surface carries a vast number of little buds, 
which are mostly similar in structure to an ordinary " cystic worm." 
Similar little " cystic worms " are often found floating in the fluid 
itself, and are commonly apoken of as " EcAinococci." In reality, the 
" hydatid tumour" is the result of the development of the young or 
" scolex " of the Tataia echinococ(^ui of the dog. In this paiticular 
case the "scolei," or young tapeworm, has the power of throwing 
out buds, and thus of forming a composite organism or colony. 
Hence, in thiu case, instead of remaining harmlessly embedded in 
the tissues, as is usual among the yonsg of the tapeworms, the 
" Bcolex " goes on constantly growing and increasing in size, by 
the production of new buds in its interior. For this reason, also, 
"hydatid tumours" usually give rise to serious or fatal results by 
the pressure which they exert upon the tissues or organB amongst 
which they lie. 

Order II. Trematotia. 

The " suctorial " worms, or " flukes," as the members of this order 
are commonly called, are internal parasites, inhabiting various situa- 
tions in different animals, but especially affecting birds and fishes. 
They are almost all more or less flattened and leaf-like in shape, 
and are furnished with one or more ventral suckers, by which they 
adhere. They are distinguished from the Tsgniada by always pos- 
sessing an alimentary c^ial, which is often much branched, and 
which is simply hollowed out of the tissues of the body. No anal 
opening is present ; and there is no body-cavity. The integument 
is not ciliated, and the sexes are generally united. 

The best known of the Trematode worms is the common Liver- 
fluke {Biitonia hepaticura.) which inhabits the gall-bladder and 
bile-ducte of the sheep and other domestic animals, and sometimes 
occurs in the same situation in man. In the sheep it gives rise 
to the prevalent and often fatal disease known as the " rot." In 
Diitoma hepaticant, or in such a form as Distfrma lanceolattaa (fig. 
?4), the body is ovate and leaf -like, half an inch or more in length, 

- - JqosIc 
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and furnished with two ventral euckera. 
anteriorly (fig. 74, a a), and is perforated . 
by the aperture of the mouth. The hin- 
dersucker (ap) is iniperfotafe, and is the 
main organ of adhesion. Between the 
two suckers are the openings of the male 
and female organs of repi'oduction (c). 
The mouth opens into a short gullet, 
which divides into two primary branches 
which are continued backwards. In 
Diitoma laneeolaivm, the divisions of the 
intestine are simple (tig, 74, i), but m 
D. kepaticum they are furnished with 
numerous secondary tiit«ral branches 
Dorsally is placed a more or less lomplex 
system of water- vessels, which open pos- 
teriorly by a caudal [lore (fig 74, p), 
and are filled with a watery fluid. The 
nervous system consists of a pair of 
cephalic ganglia, giving off branches 
backwards. A large portion of the body 
is further occupifti by the very com- 
plicated reproductive organs, the animal 
being hermaphrodite. 

Most Trematode worms pass through 
a remarkable series of changes, usually 
accompanied by migrations, in their 
earlier stages ; but these changes are in 
many cases only imperfectly known. In 
the case of the common Liver-fluke i 
{IHitoma hepaticuniy, the eggs are ex- 
pelled from the intestine of the sheep 
which is infected by the adult worm, 
and give exit to a little ciliated embryo, 
which swims about actively in water. 
This bores its way ultimately into the 
tissues of a particular kind of Water- 
snail (ZinintEo truncatida], where it be- 
comes encysted. It tlien passes through 
a series of extraordinary changes, which 
cannot be described here, the ultimate 
result of which is the production of a 
number of little tadpole-like embryos, knos 
escape from the body o£ the snail, and sn 
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time in the water ; but thej fiiiallj attach themselvea to a blade of 
grass, and surround theiDselves with a hnriiy capsule. If now, the 
encapBuled embryo should be awnllowed by the sheep, along with 
the grass on which it feeds, 
the embryo escapes from ita 
homy covering, aad makes 
its way from the stomach of 
the sheep into the bile-ducts, 
where it becomes developed 
into the adult Liver-fluke. 



^ Order lit. Turbellaria. 

The Turbellarian worms 
differ altogether from the 
preceding orders of Scolecids 
in being mostly aquatic in 
' their habits and in being 
won - parasitic. They never 
possess siicking-disca or ceph- 
alic hooks, and their integ- 
ument is always furnished 
with vibrating cilia. A 
water-vascular system is al- 
ways present, but it appears 
sometimes not to comrauni- 
cate with the exterior. The 
alimentary canal is some- 
times simply hollowed out of 
the tissues and destitute of 
an anus, as in the Trematoda, 
ng. 7S.-0iie of the TarbelUttan wom.s (i*p- a""* »* other times suspended 
loptoBn IreKuttarisi, eikUuged. o Mouth; pr in a free apace (body-cavity) 
Probostis; g The prlnoipal nerve-guigltoi,, ^^j furnished witJi an anus. 
ptacotl in the »ii(«nor part or tlif body, anil ,. i . i i 

giving oft rmnieromtHdiitLnghnnchtsW; It may be Simple or much 
|) penJ8 ; vd Vaa d«rereD9 : va VeticiilB mri- branched. 

Innlij.; ™ Owning or n«l« reproauetive The best known of the 

organii; (Teetis; cwOvary; uUlenig. partly , i ji ■ a 

filled with egp; (./Oi*niiig or the female members of this order are 

reproductive orgsnn; rj Receptacolum sein. Certain little, soft - bodied, 

inis; ^o Albuminiraroiiigtand. ovate, or elliptical creatures, 

which are conmionly found 

in fresh water or on the sea -shore, or in moist earth, and 

are known as Plaiiarians. The skin in these curious little 

animals (fig. 75) is richly furnished with cilia, and also contains 
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a cella which h»ve been compared to the " nettle-cells " or 
" ciiidffi " of the Costenterala. The intestine may be either straight 
or branched, but always tenninates behind in blind pouches, and 
is never provided with an anus. The water- vascular system com- 
municates with the exterior. The nervoua system consists of two 
ganglia, placed in front of the mouth, aJid united by a cord. There 
are generally rudimentary eyes or pigment-spota, which vary in 
number from two to sixteen. 

The remaining members of the Twbelhtria are known as Ribbon- 
worms {Nemertidas), and are not uncommonly found in tlie sea, 
sometimes between tide-marks, sometimes at great depths, some- 
times near the surface of the open ocean: occasionally they occur in 
moist earth. They differ from the PlanariaJis in being worm-like 
in shape, by the fact that the alimentary canal is furnished with a 
distinct anus, and by the possession of a definite body-cavity. 

SECTION B. NEMATELMIA. 

OtlllBR I. ACANTHOCEPHALA. 

The "Thorn-headed Worms" 
included iu this order are all 
internal parasites. They are 
worm-like in shape, marked 
with transverse wriiikles, and 
destitute of any mouth or ali- 
mentary canal. The anteiior 
extremity of the body (fig. 76) 
forms a kind of proboscis or 
snout, which is aimed with 
recurved hooks, and haaplaced 
at its base a single nervoua 
ganglion. Beneath the akin I 
is a network of canals, con- 
taining a clear fluid, and be- 
lieved to i-epreaent the water- 
vascular system. The Thorn- 
headed Worms include some 
of the most formidable para- 
sites with whicli we are as yet 
acquainted, the best known 
being the various forms of 

Eckinorhjnckm, which are ^'V~T^^°^f"^:, \^^'"J"^l' 
r J ■ L 1...- .1. ,■ I***™' *"8litly enlsrged. B, Had of tbe 

round mhabitmg the anmtn- sain», still farther enbrged. 
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tary canal iu many MammaJe, birds, aiid fishea. About one hundred 
and twenty Bpeciea of EckinorhyHeha are known, but it is doubtful 
if any mature example has been found in the hiunan subject 



OrDSR II. GORDIACEA. 

The Oordiaeea, or "Hair-worms," are elongated, worm-like, or 
hair-like Scolecids, in which the alimentary caual is without au 
anuB, and the sexea are in separate 
individuals. 

The best known rofvesoitBtive of 
this group is the common Hair- 
worm {Gordiiis aquaticui, fig, 77) of 
Europe and North America. This 
curious worm ia ofteu found in 
ponds and rivers, and may be two 
ur three feet long when mature- 
Other examples are found coiled up 
round the intestine of ground-beetles 
or grasshoppers ; but it is not dear 
whether these are in a natural poeri- 
tion, so to speak, or whether they 
may not be wandered individuals. 
In such cases, however, the worm 
ultimately leaves its insect-host, and 
betakes itself to water, where it laya 
long chains of white eggs. The em- 
bryo is at first free and locomotive, 
with three pairs of cephalic hookis 
(lig. 77, B), and a little protrusible 
snout It posses its next stage en- 
cyat«d in the larvte of water-insects, 
into which it has bored its way, 
and then it gains access to the bodies 
of fishes which eat these iarvs. Ultimately, however, it becomes 
free, and makes its way to land. 




Tig. T7.— Goidiues. A, A iniBll in- 
diTidual of GordiMS (Ufvaticus, of 
the Bituisl site. B, L»rvi 
diu nifxTtatw, wltb iU 
prolxwds sod two rows ol 
enlused. 



Order III. Nematoidea. 

The OTder KemaZoidea includes the typical " Bound- worms " and 
" Thread- worms," some of which are parasitic, while others lead a 
permanently free existence. The body is cylindrical, the integu- 
ment being often annulated, but never ciliated. The mouth is 
placed anteriorly (fig. 7S), and leads through a gullet ^) to a strong 
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muscular pharjnx (v). The iuteatiue is freelj suspended in the 

body-cavity, and a distinct anus is present. There are two lateral 

water-vessels which open ventrally iu front by a common pore. The 

nervous system ia a gangliated cord 

surrounding the guUet. The sexes 

are generally in separate individuals ; 

and the males are usually fewer in 

number and smaller in size than the 

females. 

Coneiderably more than a thou- 
sand species of Nematoid worms are 
known, of which a large number ai* 
permanently Free. Good examples 
of the free Nematoids are the little 
" Vinegar-eel " {AnffailhUa acett), the 
"Paste -eel" (Angmllvla ghOinU), 
and the common Anguilhda Jluvi- 
atili» of impure water. 

A lai^e number of the Nematoid 
worms are internal parasites, inhab- 
iting the alimentary canal, the air- 
paasages, the solid organs and tissues, 
or the blood-tubes of various aui- 
mals ; but it will be sufficient here 
to mention some of the commonest 
forme of these. The most abundant 
and familiar of these parasitic typos 
is the common Bound-worm {Aacarii 
hnnbricoidei), which may be sis or 
eight inches in length, and is found 
inhabiting the small intestine of all 
races of men, but principally of 
children, often in great numbers. 
Another almost equally common tj-pe 
is the small Thread-worm {Oxyaris 
vermiralaris), which is less than h;ilf 
an inch in length, and is found in- 
habiting the large intestine, gene- 
rally near its termination. It is mio oLuuiacn, ur uin* 
generally found in children ; but an o,.nli»l pore, 
allied type {Trkhocephalua dispar) 
is oft«n found in the large intestine of adults. Less 
than any of the preceding ia the singular Guinea-worm (FUarta 
medmenni), which is confined to (he intertropical regions of both 

- - Jooj;lc 
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bemiepheres, and which apenda a portion of its exieteuce buried in 
the cellular ti«aue which separates the musclea. It may attain a 
length of sereral feet, and haa an extraordinary but bUR incom- 
pletely understood history. Equally famous is the little " Muscle- 
worm " or TruJiina, which attacks man, pigs, &c, and exists in two 
conditions. In one stage it is found buried in vast numbers in the 
muscles, each little worm — a thirtieth of an inch or lees in length — - 
being enclosed in a little whitish capsule. When thus encysted, the 
Trichinm have no reproductive organs and are comparatively harm- 
less. If, however, a portion of the infected moscle be eaten by 
another suitable animal, the little TrichtTUB escape from their cjsta 
and develop reproductive organs. They then produce young, in vast 
numbera, within the intestine of their new host ; and the young bore 
their way through the walls of the intestine, and travel into the 
muscles, where they surround themselves each with a little capsule, 
nnd become quiescent. When this stage has been reached, the 
animal attacked is in safety ; but the migiution of the worms from 
the intestine into the muscles usually gives rise to extremely serious 
or even fatal constitutional disturbance. 

SECTION C. ROTIFERA. 

The Roii/era, or " Wheel-animalcules," derive their popular name 
from the fact that the anterior end of the body is furnished with 
one or two circlets of cilia (fig, 79) which, when in motion, ^brat« 
so rapidly as to produce the illusory impression of a quickly rotating 
toothed wheel. The Rotifera are all aquatic, and are mostly inhab- 
1 of fresh water. They are all microscopic in size, none attahi- 
ing a greater length than l-36th of an inch. In the females there 

a distinct mouth, intestinal canal, and anus. A nervous system 

also present, consisting of ganglia placed near the anterior ex- 
tremity of the body and sending filaments backwards. There is, 
finally, a well-developed water- vascular system.. 

Moat of the Rotifera are free-swimming active little animals (fig. 
^i), A), but some are permanently fixed, as in Mdieerta (fig. 79, E) 
or iti the Crown-animalcule (Stephanocerot). They are usually 
simple, but they are sometimes composite, forming colonies. As a 
rule, the male and female Rotifera differ greatly from one another, 
the males being smaller than the females, devoid of any masticatory 
or digestive apparatus, and more or less closely resembling the young 
forms of the species. The males, in fact, merely lead a transient 
existence, and die as aoon as they have succeeded in fertilising the 
females. The body in moat casea ia very diatinctly ringed or annu- 
lated (fig. 79, A), but ii not composed of distinct rings separated by 
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partitions. The integuraeiU is usually provided with bundles of 
muscular fibres taking a lougitodiual and transverse direction. In 
the free forma the anterior ciliated disc acta somewhat like the pro- 
peller of a 8crew-st«amer in driving the organism through the water 
—in all cases it has the action of producing currents in the water by 
which particles of food are brought to the mouth. The posterior 
end of the body is usually developed in the free forma into a kind 
of tail or foot (fig. T9, A), which may take the shape of a kind of 
pincers or of a little suctorial disc 

As regards their internal anatomy, in the females of almost all 



Ig. 79.— Hotifera. A, DiagraniiMtic represenUtli 
^m Prilchud) : a DepiesBion in the cllisted dJ 
A Moath ; c FbaryagaoL bulb wiih masticatory apparatt 
Contractlte bladder ; g g Respiratory or waler-Taaci ' 
giving aiaiqent to eilisted pit <Jr) ; o Ovary. B, Mrfi 




the Rotifera there is a well -developed alimentary canal, which is 
completely shut off from the general cavity of the body. The 
mouth (fig. 79, A, b) opens into a dilated chamber or " pharyngeal 
bulb" (e), which contains a complicated apparatus of homy teeth. 
The pharynx opena into a capacious stomach (rf), continued into an 
intestine which terminates by a chamber known as the "cloaca" (e), 
which forms the common outlet for the water- vascular and genera- 
tive Bystema. In both sexes there is a well-developed water-vascular 
system consisting of a contractile chamber or bladder (/), opening 
into the cloaca, and giving origin to two complicated tubes which. 
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are known aa the "respiratory tubes" {g g), and which tenninate 
Dear the anterior eud of the body, apparently by blind extremitiea. 
The nervous system is in the form of a, large double ganglion placed 
above the j^uUet, and having one or two eye-specks placed upon it 
The ovaries (o) constitute conspicuous organs in the female Soft/era, 
but in summer the young Rotifers appear to be produced by the 
females without having access to the males. 

The Rotifera were long confounded with the Infiuoria, in conse- 
quence of their great similarity in external appearance. They are, 
however, fundamentally distinguished from the Infusoriana by their 
possession of a definite body-cavity, the presence of a well -developed 
alimentary canal, and the poaseasion of a nervous system and of 
proper reprodnctive organs, while their development is also quite 
different. 
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CHAPTER XII. 

ANARTHROPODA. 



The Anarthropoda or higher gi-oups of the Worms have the body 
distinctly segmented, but the aegmenta are generally numerous (often 
indefinite in number), and are mostly similar to each other except 
at the two extremities of the body. Lateral appendages may be 
wanting ; but when they are present, they are not articulated, nor 
are they jointed to the body. The nervous system has the form of 



Fig. SD.— Qepliyrea. Stpitncuiuj lailicus, of the natunil size. (Atlei- KufersUIn.) 

a ventraJ chain of gangUa, the first pair of ganglia lying above the 
gullet. Cilia are generally developed. There is no proper heart or 
system of blood-ressels ; but there is generally a system of tubes, 
filled with a coloured fluid, often furnished with contractile dilata- 
tions, and sending branches to the breathing organs, which take the 
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place of the proper vascular system, and which ari known as the 
" peeudoheemal " Teesek. 

The two principal groups included in this division of Anniiloee 
animals are the Qephyrea (Spoon- worms) and the Anadida (Ringed 
WomiH). 

Ci-ASS I. Gephyrea, 

This is a small group, including a number of worm-like animals, 
commonly called Spoon-worms, which in many reapects resemble 
the Annelides, and have at the same time certain relationships with 
the Holothurians among the iEchiuoderma, They differ from the 
Annelides in not having the body definitely segmented, though the 
skin is annulated (fig. 80), and also in the fact that the ventral 
nerve-chaio is not gangliated. There are no lateral appendages, 
except occasionally biistles. They differ from the Holothurians in 
the want of an ambniaci'al system and the non-radiate character of 
the nervous aysteni. The Spoon-worms are all marine, and the moat 
widely distributed genus is Sipwacalut (fig. 80), which ranges from 
between tide-marks down to a depth of 2500 fathoms. 

Class II. Annelida. 

The Annelida or Atrnvlcaa, commonly known as lUnged Wonns, 
are distinguished by the possession of definite segmentation, the 
body being composed of a number of rings which are all simitar to 
each other except at the two ends of the body. All the Anndida 
are moi'e or less worm-like in shape, and in all except the Leeches, 
the segments are (some or all) provided with lateral appendages 
which mostly subserve locomotion, but which are never jointed to 
the body. In the typical Annelida each segment (fig. 81) consists of 
two arches, termed, from their position, respectively the " dorsal 
arc " {d\ and the " ventral arc " (k). Each segment carries a lateral 
process on each side, which are known as the " foot-tubercles " 
(parapodia). Each foot-tubercle in turn may consist of an upper 
piece or "dorsal oar" (a), and a lower piece or "ventrul oar" {b\ 
both carrying a tuft of bristles and a soft jointed filament (the 

The nervous system consists essentially of a double gangliated 
chain placed along the ventral surface of the body, and traversed in 
front by the gullet, so that the first pair of ganglia lie above the 
gullet The digestive syatem consists of a mouth, generally with a 
protrusibie proboscis, and sometimes homy jaws, a gullet, stomach, 
intestine, and a distinct anus. As a rule, the alimentary canal runs 
straight from one end of the body to the other without describing 
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any convolutions in its course. la almOEt all cases the alimentary 
tube is placed in a distinct perivisceral cavity, which contains a fluid 
with solid particles in it, corresponding to the blood of the higher 
animals. In moat, if not all, there ia further a system of vessels 
which carry a coloured fluid, which are contractile, and which send 
branches to the respiratory organs, when these exist. This system 
is believed not to correspond to the blood-vascular system of the 
higher animals, and it has therefore been termed the " pseudo- 
li^mal " system (Or. pseudoi, falsity ; and haima, blood). It is 
believed, on the other hand, to be truly homologous with the water- 
vascular Hystera of the Sddedda. Respiration ia effected by the 
general surface of the body, tir by distinct gills or branchite. In 
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nuMt cases, also, there exists a series of peculiar tubular involutions 
of the integument, which are known as the "segmental organs." 
The segmental organs open on the surface of the body by minute 
apertures, and generally have the form of coiled or folded tubes, 
which may t«rniinat« blindly internally (Leeches), or which open at 
their inner ends into the perivisceral cavity. In the latter case, the 
internal openings of the "segmental organs" are usually funnel- 
shaped and ciliated, and they often serve to convey the generative 
products to the exterior. The " segmental oi^ns " correspond, in a 
general way, with the kidneys of the higher animals. The sexes in 
the AvtifJitIa are sometimes distinct, sometimes united in the same 



130 



INVERTEBRATE ANIMALS. 



indiTiduaJ. The embryos are almost always ciliated, and many of 
them pass through a metamorphosis. 

The so-called " Abmnchiate" Annelides are the Leeches and 
Earth-worms, in which respiration is carried on principally through 
the soft moist integument. On the other hand the marine Tube- 
worms and Sand-wonns poeaesH, as a rule, extsmai processes adapted 
for respita^tion in water, and these are knowu as the " Branchiate " 
Anne) ides. 



Order I, Htrudinea. 

The Hiradinea or JHicophora are well knows under the name of 
Leeches, some foims being marine, while othera inhabit fresh water, 
and a few live in moist places on land. The Leeches are characterised 
by the fact that the body ia destitute of 
lateral bristles or foot- tubercles, but is 
provided with a aucking-disc at one or 
both extremities. In the typical forms, as 
in the common Medicinal Leech {fig. 82), 
there are sucking-discB at both ends of the 
body, and in those in which only the bin- 
der sucker is present, the head can be 
converted into a suctorial cavity. Loco- 
motion is effected eitlier by means of the 
alternate fixation and detachment of the 
suckers, or by a serpentine bending of the 

The body is obviously ringed or annn- 
lated, but none of the rings caiTy lateral 
appendages of any kind. The mouth ia 
sometimes destitute of teeth, but is some- 
times armed with complex jaws. The 
alimentary canal is short, with lateral 
' i^* pouches, and united to the skin by means 
of a spongy vascular tiBaue,'so that the 
body-cavity is obliterated. The pseudo- 
T'lf **" h*"'"'' system is well developed, and con- 
dptached,' *'^*^ essentially of four great longitudinal 
picircalar Vessels. The segmental organs are par- 
tially tubular and partially saccular, and 
open on the lower surface by minute 
pores, while they terminate blindly internally. The nervous sys- 
tem has ita usual form, and the ganglia in front of the gullet 
{" prm-xtophageal " ganglia) give off branches to a number of simple 
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Bjee which are placed on the head. The sexes are united in the 
amne individual. 

The moet familiar of the Leeches are the common Horse-leech 
{HcemoptU), and the Medicinal Leech {Sanguimiga ojicinalu). The 
latter is provided with three semicircular toothed jaws (fig. 82, b, c\ 
which meet in a point, and are sufficiently powerful to cut through 
the human akin. The Medicinal Leech is a native of fresh waters 
throughout the south and east of Europe, and it is imported in large 
numbers fron! Hungary, Bohemia, and BuBsia. 

In the Horse-leech the jawH are comparatively blunt, and the 
. animal has only the power of cutting through tlie soft mucous 
membranes. It derives its name from the fact that it attaches 
itself to the mucous membrane of the mouth in horses whilst drink- 
ing at ponds or marshes. 



Order II. OLiaocHATTA. 

In this order are included the Earth-worms (Lumfiricidm\ and 
the Water-worms (jVaJ<(icii). They are .iU distinguished from the 
preceding by the fact tliat the 'body is fumiahed with rows of 
bristles (fig. 83, A), which take the place of the foot-tubercles of the 
higher Annelida, and which are the organs of locomotion. They 
are distinguished from the higher forms by the fact that the loco- 
motive bristles are comparatively few in number, hence the modem 
name of the order (Gr. oligot, few ; and dutU^ a bristle). In the 
common Earth-worm {Lumhricui terrestru, fig. 83, B), the body ia 
cyhndrical, attenuated at both ends, and furnished with eight rows 
oi short locomotive bristles. The mouth is destitute of t«eth, and 
opens into a gullet which leads to a muscular crop, succeeded by a 
second muscular dilatation or gizzard. The intestine is continued 
straight to the anus, and is constricted in its course by numerous 
transverse partitions springing from the walls of the body-cavity, 
and corresponding with the successive segment* of the body. The 
pseudohtemal system is well developed, and the dorsal vessel carries 
a series of contractile dilatations or " hearts." The segment&l organs 
are long coiled tubes, which open by minute apertures on the 
ventral surface, and communicate internally with the body-cavity. 
The lfaidid<e are chiefly noticeable on account of the power 
which many of them possess of producing fresh individuals by a 
process of budding before they attain sexual maturity. One of 
the commonest of tbem is a little worm {Tubifex rivalorvm, 
fig. 83, A), which occurs abundantly in many of our pools and 
streams, and which exhibits a fine red colour, owing to the 
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pHeudob^nul system 1>eing visible through the tr.inapai'ei 
tejpiineiit. 



Antertor portion of Tubi/iz rlmlonim, enlirged: p 
csdM : d d Donal v«BBel : h Ons of Die " liearts " ot con- 
) pKU<lohieinal veesels. B, Anterior portion of lumtFrlnu 
eaUrgnt ; o HouUi ; p Phiiryiii ; ir Outlet ; m (Eiopbageal 
; aGliurd ; t Int«tliie; k One of the "hearts," borne on 
Hi ; I TeaUa ; qi Speiuiatliecs. (Aft« Linkester.) 



Order III. PoltchjEta. 



In the fio-called Polychtetous Annelides, the aniinal is furninbed 
with locomotive organs in the form of " foot-tithe i-clesj" carrying 
tufu of briatlea (fig. 8]). Bmnchite are generally present, in the 
form of outgrowths of the integument, richly supplied with 
brancbei of the pseudohsemal vessels. The Polych»t«ua Annelides 
are all mariue, and are of very varied habits. They may be con- 
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venientlj divided into two groups, according as they secrete for 
themselves a protective tube {Tubieola), or live ft free life (&- 
rarttia) ; but the geDerat organisation in these two sections is easen- 
tially the same. 

The Tubiooloua Annelidea or Tube-worms derive their name from 
the fact that they have the power of protecting themselves by 
meana of tubes (Lat. ivha, a tube ; 
and colo, I inhabit). In some caaea 
(fig. 84} the tube ia composed of 
carbonate of lime, and is a genuine 
secretion from the body. In other 
cases, the tube is composed of 
grains of sand or pieces of broken 
shell, cemented together by a glut- 
inous secretion from the surface of 
the body. In aU the Tubieola the 
respiratory organs are in the form 
of branched filamentous external 
gills, in which the fluid of the 
pseudohiemal system is subjected 
to the action of the outer water. 
They are tlierefore " Branchiate " npmeulnm ; 6 sptrorbit amrnvnu. 
Annelides. As they live in tubes, 

however, and do not voluntarily eipose more than the anterior end 
of the body, the branchite are aU placed on or near the head. The 
filaments of which the gills are composed (fig. 84, a) are richly 
ciliated, and as the pseudoluemal fluid is usually red, they have 
generally a beautiful , scarlet colour. 

The most familiar of the Tubieola is the Serpida (6g. 84, a), the 
contorted and winding tubes of which must be known to every 
one as occurring on shells or stones on the sea^shore. One of the 
cephalic . filaments in Serpula is much developed, and its extrem- 
ity forms a kind of conical plug or "operculum," which serves to 
close the mouth of the tube when the animal is retracted within 
it. In Spirorbit (fig. 84, 6) the shelly tube is coiled into a flat 
spiral, which is fixed to some solid object. It ia of extremely com- 
mon occurrence on the fronds of aea-we«d, and on other submarine 
objects. 

The so-called "Errant" Annelides (I^at. erro, I wander) are so 
called because of their " roving " habits, the animal leading a free 
existence, and not being confined in a tube (fig. 85). They have 
always lateral unjointed appendages, or foot-tubercles, wliich carry 
tufts of bristles, and a soft jointed filament or cirrus. The anterior 
rings of the body are usually so modified as to form a sort of head, 
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which ia provided with eyes and with two or raore feelers, which 
differ from the antenliffi of Insects and CrtistaceaiiB in not being 
jointed. The mouth is pliiced on the inferior surface of the head, 
and is sometimes furnished with one or more pairs of hoiTiy jaws 
which work from side to side. The upper pait of the alimentary 
canal is muaculav, and can be tnrned inside out, or protruded beyond 
the true opening of the mouth. The pseudohiemal system is well 
developed, and its contained fluid is mostly red. Respiration ia 



Fig. 85.— CirrAaluiH* grandii, Bn " Errant Annelidc," fn Ita livii^ eondltioD. 
(ifler Venill.) 

effected by external processes, gilts or branchiae, arranged in tufta 
placed along the sides or back of the body, and not conlined to 
the immediate neighbourhood of the head, aa in Tubicola. The 
sexes are in different individuals, and the young pass through a 
metamori)hoHis. 

Amongst the best known and commonest of the Errant Annelidea 
1 Lob-worm {Arenicola pitcalorum) ; the Sea-^^nti- 
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pedea (Jfereu) ; and the Sea-mice (Aphrodite and Polynoe), some of 
which attain a large size, and are coiiepicuous for their iridescent 
bristles. Other Ibbb abundant forms may be readily obtained by 
searching under atones at low water. In one remarkable Annelide, 
from the Phihppine Islands, the body is branched, and thus becomes 
truly composite. A few of the Knaut Auuelidea live in the open 
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CHAPTER XIII. 
ARTHROPODA. 

1. O&HBRAL CHABAtTBRfi OP THE ARTHROPODA. 2. ChARACTKKS 

AHD Divisions ov the Crustacea. 

The remaining members of the sab-kingdom Anrmlota are dis- 
tinguiahed by the possession of jointed appendoffet, as^ieidcaed to 
Ike body; and they form & great primaTy division — oft«n called by 
the name Articiilata. As this name, however, has been employed 
in a wider sense tlian is understood by it here, it is perhaps best to 
adopt the more modem terra Art/iropoda. 

The members of this division, (omprising the Crustacea (Lobsters, 
Crabs, &C.), the Aracknida (Spiders and Scoi'pions), the Myriapoda 
(Centipedes), and the Imecta, are distinguished as follows :— 

The body (fig. 71) is composed of a series of segments, arranged 
along a longitudinal axis ; each segment or " somite," occasionally, 
aud some almost always, being provided with articulated appen- 
dages. Both the segmented body and the articulated limbs are 
more or less completely pixitected by a chitinoua exoskeleton, 
formed by a hardening of the cuticle. The appendages are hollow, 
and the muscles are prolonged into their interior. The nervous 
system in all, at any rate in the embryonic condition, consists of a 
double chain of ganglia, placed along the ventral surface of the 
body, united by longitudinal commissures, and traversed anteriorly 
by the oesophagus. The blood-system, when differentiated, is placed 
dorsally, and consists of a contractile cavity, or heart, pi-ovidad 
with valvular apertures, and communicating with a perivisceral 
cavity, containing corpusculated blood, Bespiration is effected 
by the general surface of the body, by gills, by pulmonary sacs, 
or by tubular involutions of the integument, termed " tracbeie." 
In no member of the division are vibratile cilia known to b« 
developed. 

The Arihropoda are divided into four great classes — viz., Uie 
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diulacea, the Araeknida, the Myriajtoda, and the In»ecta; which 
are roughlj distinguished as follows : — 

1, CttusTAcEA. — Betpiration by meant of giUt, or by the genial 
swface of the body. Two pairs of antennx. Loeomative appendaget 
more than eight in nmaber, borne by the segmerUl of the thorax, and, 
■ataaUy, of the abdomen alio, 

2. Abachnida. — RetpiTation by pvlmonary veiidei, by tracheal, or 
hy the genertd iurface of the body. Head and thorax united into a 
cy)halotkorax. Antewnai (at tucK) absent. Legs eight. Ahdomai 
mthotU artitidated appendages. 

Z. Mtbiapoda. — Respiration, by trachea. . Head diilinct ; re- 
mainder of the body composed of nearly similar lomitet. One pair 
of antenna. Legs numerous. 

4. Insecta. — Respiration, by trachea. Head, thorax, and abdomen 
diiliTict. One pair of antennce. Three pairs of legs bM-ne on the 
thorax. Abdomen destitute of limbs. Oeaerally two pairs of -wings 
on the thorax. 

CLASS I. CRUSTACEA. 

The members of this class are commonly known as Crabs, Lobsters, 
Shrimps, Prawns, Eang-craba, Barnacles, Acorn-shells, Wood-lice, &c. 
Hey are nearly allied to the succeeding class of the Arachnida 
{Spiders and Scorpions), but are distinguished by their adaptation to 
a more or less purely aquatic life, by having jointed appeudages 
upon the hinder segnienta of the body (abdomen), and by the pos- 
session of two pairs of aiitennee. As a class, the Crustacea are distin- 
guished by beiug usually furnished with branehite, or respiratory 
organs adapted for breathing air dissolred in water, by having 
more than four pairs of legs, by having a well-developed chitinous 
or partially calcareous " crust " or external skeleton, by the fact that 
some of the appendages are generally so modified as to act as organs 
of mastication, and by passing through a metamorphosis before 
attaining their adult condition. 

The body in a typical Crustacean is composed of twenty-one dis- 
tinct segments or somitoa, placed one behind the other. These seg- 
ments are distributed in three distinct divisions, known respec- 
tively aa the "head," the "thorax" and the "abdomen" or tail, 
each of which is usually regarded as being composed of seven 
segments. In veiy many cases, however, the fourteen segments 
belonging to the head and thorax are amalgamated together into a 
single mass, which is termed the " cepbalothorax," thus leaving seven 
segments to the abdomen. 

Each segment or "somito" (lig. 86) may be regarded as com- 
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posed of a convei upper plate (() and a flatter ventral arch («), and 
each may support a single pair of appendages. Typically, each 
appendage in a Crustacean consists of a short basal portion or " pro- 
topodite" (fig. 86, a), which 
gives origin to an outer and an 
inner brajich or division, known 
respectively as the " exopodite" 
(6) and the " endopodite " (c). 
, p Very commonly one of the two 
divisions of the appendage may 
be wanting ; or in some cases 
both are abeeot, and the ap- 
pendage may be reduced to the 
protopodite only. A certain 
number of the appendages of 
' —i the anterior segments are usu- 

ally converted into masticating 
organs, some of which may be 
proper biting jaws (mandiblea 

Rg. BO.— The third BbdonHnal (annent of "^ / .,. , ■-, .. 

5.e L»i«t«r. < Do™i arch:Tv.ntTai and maxill*), whde otheR are 

irch or the segment; a Protopodite; b merely limbs BO far modified 

Exopoditejt Endopodite. as to nct as subsidiary jawa 

("foot-jaws" or maxilltpedes). 

The last segment of the body— known as the "telson" — carries no 

appendages, and is often regarded as not being properly a segment, 

but an unpaired appendage. 

The Crmtacea form an extremely large group of miinuUs divided 
into many orders, and it will be sufficient to merely notice many of 
these in the briefest manner. It will also be as well to commence 
with the consideration of the higher sections of the class first. 

Order Dbcapoba. 

The Crmtacea included in this order derive their name from the 
fact that they all possess five pairs of legs (Gr. deka, ten ; podei, 
feet). They belong to a large section known as the "stalk-eyed" 
Crustaceans {Potlopkikalmitta), from the fact that the eyes are sup- 
ported by long, movable stAlks. They all further have the cephalo- 
thorax covered by a great shield or " carapace," under which the 
gills are carried. They include the Lobsters, Shrimps, Cray-fish, 
Crabs, Hermit-crabs, and other forms, and are the most highly 
organised and most familiar of the whole class of the Cruttaeea. 
They are divided into three very well marked groups or tribes, all 
of which can be exemplified by familiar types. 
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A. Xacrvra. — The name of Moffrura (Or. makroi, long ; and oiau, 
tail) is given to those ten-footed Crustaceans which have a long and 
well-developed tail or ahdomen. Amongst these are the Lobster, 
Shrimp, Prawn, and Cray-fish, of which the Lobster or Cray-fiflh may 
be selected as a good typical example. 

In the Lobster or Cray-fish (tig. 87) the body ia at once seen to be 
composed of two parts, familiarly called the "head" and "tail." 
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The so-called head ia covered by a great shield termed the "cara- 
pace," and it ia in reality the cephalothorax, being composed of the 
amalgamated segments which belong to the true head and to the 
thorax. The so-called tail is really the abdomen, and it is composed 
of a number of segments which are not immovably united together, 
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aiti in the cephalothoraic, but are movably jointed together. The 
Tarioiu appeudages of the aniiaal are arranged in pairs on the under 
surface of the body ; and where the aeginenta are completely amal- 
gamated (as in the c«phalothorax), tbeir existence may nevertlieless 
be determined by the presence of the succcBHive pairs of appendages. 
The first segment of the head carries a pair of compound eyes, mode 
up of a number of simple lenses aggregated together, and supported 
upon long and movable eye-stalks. Behind these come two pairs of 
jointed organs of touch, which are known as the " anteniue." The 
front pair is much smaller than the hinder pair, and they are known 
respectively as the "lesser antenute," or "antennnles" (fig. 87, a), 
and the "great antenme" (e). Behind these, again, comes the 
mouth, which is placed on the under surface of the head, and ia 
provided with a complicated series of masticatory organs. It is 
unnecessary to describe these minutely, but it should be noticed 
that they are all modified limbs, and therefore differ altogether 
from the jaws of the Vertebrate animals. That this ia their real 
nature is shown moat obviously in the hindermost pairs of these 
jaws, which are bo little altered from ordinary legs that they are 
known as " foot-jaws " (fig. 88, /). The last five segments of the 
thorax carry five pairs of walking-legs, lience the name Decapoda 
applied to the order. Of these legs, the first three paira have 
their extremities converted into nipping-claws or " cbebe," and the 
first pair is much larger than the others, and constitutes the well- 
known great claws of the Lobster. The last two pairs of legs simply 
terminate in pointed extremities, and not in pincers. The segments 
of the abdomen, with the exception of the first and the hindmost, 
carry each a pair of paddle-like appendages, which are used in swim- 
ming, and are called the " swimmerets." The last pair of swim- 
merets are attached to the last segment but one, and are very 
greatly expanded, so as to foiin a very powerful tail-fin (fig. 87, 0- 
The last segment of all is known as the "telson" {j\ and is not 
provided with any lateral appendages. 

The mouth in the Lobster leads by a short gidlet into a globular 
stomach, which is furnished with a calcareous apparatus for grind- 
ing down the food, commonly called the " lady in the lobster." The 
intestine is continued backwards from the stomach without convolu- 
tions, and opens by a distinct anus placed in front of the telson. A 
well -developed liver is also present. The heart is placed dorsally, 
and is filled with aerated blood derived from the gills, which it pro- 
pels through every part of the body. The gills, or branchife, ate 
pyramidal bodies attached to the bases of the legs, and placed in a 
hind of chamber formed beneath the great shield, or carapace, on 
each side of the body. They consist each of a central st«m support- 

" ■ " O" 
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s latend branches, and Ihej are richly supplied with 
blood. The water which fills the gill-chambers ie coiistaatly re- 
newed hy the movementja of the legs, and thus the gills ate kept 
constantly supplied with freah water. The nervous system is placed 
along the ventral surface of the body, anil has its usual form. The 
oi^ns of sense are the two pairs of feelers or antennEe, the com- 
pound eyes, and two organs of hearing. 

B. Anomura. — The most familiar members of this tribe are tho 
Hermit-crabs {Pagvrida) which occur so cmnmonly on every shore. 



Fig. gH.— Brachyara. The Bpiny BpMeT'Crab (tfaia t^uiiudii). 

They are distinguished by the fact that the abdomen is quite soft, 
and is not protected by a chitinous crust. The animal, therefore, is 
compelled to protect the defenceless part of the body in some arti- 
ficial manner, and this it effects by appropriating the empty shell of 
some dead Mollusc, such as the common periwinkle or whelk. The 
abdomen is provided with special appendages to enable the intruder 
to retain firm hold of his borrowed dwelling, at the same time that 
he can change it at will when t«o small or otherwise inconvenient. 
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The first pair of !eg9 are developed into pretty powerful nipping- 
clawa or chelie, and ODe of them is always much larger than the 
other, and acts aa a kind of plug, blocking up the entrance of the 
shell when the animal is retracted within it. 

C. Brachy>tra.—The Decapod Cruataceana included in this tribe 
are familiarly known aa Crabs, fwd they derive their name of Brachy- 
vra (Gr. braekui, short ; and oura, tail) from the rudimentary con- 
dition of the abdomen. The abdomen, in fact, is not only extremely 
short, but it ia always tucked up beneath the greatly developed cepb- 
alothorax, BO that it is not visible at all, except when the animal is 
looked at from below (fig, 89). The Crabs have very various habits, 
but they are mostly denizens of the shore, hiding beneath stones or 
sea-weed, in cracks of rock, or in pools near the line of low-water. 
Some of them, however, can swim with tolerable activity, and some 
of them (the Land-crabs) even live 
habitually inland. One group, that 
of the " Pea-crabs," is distinguished 
by the singular habit of living semi- 
parasitically within the shells of 
bivalve Molluscs, such as the great 
horse-mussel or the oyster. 

The young or larval Crab ia ex- 
ceedingly unlike the adult, and has 
a lung and well-developed abdomen, 
thus approximating to the type of 
structure which b permanently re- 
tained in the Maorura. 



Order Stomapoda. 

The Stomapod Crustaceans are 
nearly allied to the Decapods, but 
they have sis or eight pairs of legs, 
and the gills are not placed in cham- 
bers on the nnder surface of the 
thorax, but are usually suspended 
beneath the abdomen. They are 
ng. oo.-s^afa mintii, the Lgcu^t- almost all marine, and the Locust- 
Shrimp- Shrimp or SquUla (fig. 90) may be 

taken as the type of the order. In 
this Crustacean the abdomen is well developed, and its terminal 
appendages form a broad swimming-taiL The front pairs of legs 
are hooked, and the gills are attached to the first live pairs of ab- 
dominal feet. 
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Order Isopoda. 



In this order are a number of Crustaceana, of which some inhabit 
the sea, others are parasitic in their habits, and others are terreatriat. 
Of the terreatriai forma the common Wood-lice (OnMctM)are fajniiiar 
examplea. Of the aquatic tjpes, the Water-alatera (Ageltai) inhabit 
freah waters ; but the Rock-akters (Ligia) and Box-elaters {Idotea) 
are marine, aa are many others. The parasitic forms live upon 
fishea or other Crustaceans, and have often become much altered 
by retrograde metamorphosis. 




Fig. PI.— iBopoda. A, Idalxa tnbrt 



The Isopod Crustaceana all belong to a section of the claaa Cna- 
tacea, in which the ejea are not supported upon movable stalks, and 
they are therefore said to be " seasile-eyed " {HedriophthalmMa). 
The head is distinct, and the thorax carries teven pairs of legs ; 
while the branchiie are attached to the under surface of the ab- 
domen, the segments of which are often coaleacent. 



Order Amphipoda. 

This order comprises small Crustaceans, in which the breathing- 
organs are in the form of membrauoua vesicles attached to the bases 
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of the thoiticic legs. There is & veil-developed a,bdoinen, and there 
are seven pairs of thoracic legs, directed partly forwards and partly 
backwards. Good examples are the Sand-hoppers {Talitria, fig. 
92, A) and the "Fresh-water Shrimps" {Gammaroi, fig. 92, B). 

The Sand-hoppers and Oammari swim on their side when in the 
water, and the former leap with great activity on land. 



Nearly related to the Amphipods are a number of little Crus- 
taceans {Lie}nodipoda), in which the abdomen is quite nidimentary. 
Some of these {e.g., the Whale-lice) are parasitic in their habits, 
and all inhabit the sea. 

Order Merootomata. 

In this order are only the living King-crabs {Limvlus), and some 
large extinct forms nearly allied to them. They are all distinguished 
by the fact that the appendages which are placed round the mouth 
act by their bases as jaws, but have their extremities developed into 
swimming-paddles, walking-feet, or nipping-claws. 
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The Eing-crabs (fig. 93) constitute a special group called Xiphosura 
(Gr. wiphot, a aword ; and oura, tail), from the fact that the end of 
the abdomen is fumished with a. long sword-like spine (lig. 93, t). 
The mouth ia surrounded by six pairs of appendages, the bases of 
which are spinous and act as jaws, whilst their free extremities are 
developed into nippiug-claws or chelae. The whole of the upper sur- 



Kg. BS.— Xiphoanra. liwuluj po/y- Fig. 94. — Euryptarida. Pltrigohu 

jphama, vkwed troio Ijelow. AngUtya, restored. (After H. 

Woodwuil.) 

face of the body is protected by a kind of buckler, composed of an 
anterior semicircular shield, and a posterior somewhat hexagonal 
plate, the under surface of which carries branchial plates, whilst the 
sword-like telson is jointed to ita hinder margin. The King-crabs 
attain a large size, and are often called " Molucca crabs " from their 
occurrence in the Moluccas. Both the eggs and the fleah are eaten 
by the Malaya. 

Closely allied to the King-cnibs is the extinct sub-order of the 
Ewypterida, an example of which is figured above (fig. 94). This 
particular species ia supposed to have attained a length of probably 
six feet, but other forms were very much smaller. 
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Obdbb Tbilobita. 



The TrilobiteB constitute a wholly extinct order of the OnutaceOf 
and deserve a abort notice fram their great geological importance. 
They derive their name from the fact that the body exhibits a more 
or leas conspicuous division into a central and two lateral lobes 
(Ag. 95). The entire shell or cnist ia composed of an anterior semi- 
circular shield, covering the head, a series 
of movable rings constituting the thorax, 
and a tailpiece composed of amalgamated 
segments, and representing the abdomen. 
On the under surface of the shell nothing 
had until lately ever been discovered ex- 
cept the upper lip, but recently limbs and 
branchiie have been made out. The cephalic 
shield usually bears a pair of compound 
eyes, but these are sometimes wanting. It 
is known that moat of the Trilobites pos- 
Fig. 95— ofenKimierunj. s^ssed the power of rolling themselves up 
(Adcr ssiter,) into a ball, much as our modern wood-lice. 

The Trilobites are only known as occurring 
in the older rocks of the earth's crust, and they are chiefly character- 
istic of the period known t^ geologists as the " Silurian." 

Order Phtllof^da. 

This is a small order comprising a number of Crustaceans, which 

are principally found in inland waters, whether fresh or salt, only 
one form inhabiting the sea. These Crustaceans (fig. 96) have 



liniBpAnliit, or Branchiput diojAnnu). 



IS feet, never less than sixteen in number, and the feet are 
mostly expanded and leaf-like, and serve as gills or breathing- organs. 
The body may be naked, or the head and thorax may be covered by 
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a shield, or the aiiimal may be enclosed within a bivalve shelL To 
this order belong the curious " Brine-shrimps " {Artemia), which are 
found in the brine-j>an8 of salt-worka, or in salt lakes. 

OBDBRiB ClADOCBRA, CoPBPODA, AND OSTHACODA. 

These orders deserve mention more from the extreme abundance 
of their eoraraoner forma than for any other reason. They include 
a number of minute Crustaceans, most of which are commonly 
called " Water-fleas," and which abound both in fresh and in salt 
water, in almost all regions of the globe. They are, however, 
mostly 80 small that, though visible lo the eye, they can only be 
satisfactorily examined under the microscope. As an example of the 
Cladocera may be taken the " Branched-homed Water-ftea" (Daphma 
pidex, fig. 97, 6), thousands of which may be captured in any pond in 
summer. In this pretty little species the whole body ia enclosed in 
a bivalve shell, which ia so transparent that the whole organisation 
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of the animal is clearly visible through it. The head is distinct, and 
carries a single eye. The greater antennsB are branched. The males 
are smaller than the females, and much fewer in number ; and it 
appears to be a well-established fact that the female, when once 
fertilised by the male, can not only lay eggs for the rest of her life, 
but can transmit the power of producing fertile ova to her young 
for several generations. Of the Cop^mda one of the commonest is 
the Cyvlopa (iig. 97, c), in which the cephalothorax is covered by a 
shield, and there is a well -developed abdomen. The female carries 
on either side a kind of ])oiich or ovisac, in which 'the eggs remain 
till they hatched. The little Ottracoda, (fig. 97, a), are all minut« 
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Cnistaceans, which occur in both fresh aiid salt water. They are 
distinguished by the fact that the body is entirely encloeed in a, 
shell, which is made up of two lateral halvea or valves. The valvee 
of the shell are united by a 
membrane along the back, but 
can be opened below, so as to 
allow of the protruBioii of the 

Very closely related to the 
Copepods is a group of curious 
Crustaceans, which are often 
called "Fish-lice" (IcAt/tt/oph' 
thim), because in their adult 
condition they are attached 
paraaitically to the skin, eyes, 
or gilli of fishes. The males, 
however, are usually free. 

In its parasitic condition (fig. 
08), the animal is more or leas 
swollen and deformed, its limbs 
being often rudimentary, and 
the segmentation of its body 
*^^' ^,7J""^ » ^Tl^ ,'""^"; obscured or lost They are 

the Bgiire shows the rail sise. a Ab- nrmly fixed, in vanous ways, 
ilomen; d Disc of sttachment developed to their hosta, and the females 
^n the IsaC pair of tlioracio lluibi; o carry large external bags of 

eggs (ovisacs). The young of 
the Fiah-liee, however, have well-developed limbs and eyes, and 
lead an active locomotive exjatence. 



Order Cirripbdia. 

The last order of Crustacea is that of the Cirripedia (Lat. cimu, 
a cnrl ; and pes, foot), comprising the so-called Barnacles and Acom- 
shells, both extremely unlike Crustaceans to look at. All the Cirri- 
pedes are distinguished by the fact that, whilst they ai-e quite free 
when yotuig, and very similar to some of the little Cnistaceaiis just 
described, when adult they are immovably fixed by their heads to 
some Bolid object. In this fixed condition the body and internal 
organs are, in most casea, protected by means of a calcareous shell, 
composed of many pieces, and the only part of the body which 
remains movable is the legs, which are constantly thrust out of the 
shell and again drawn in in quest of food. The Cim'pedia were 
formerly described aa "multivalve" shell-fiah (Jfirf/awM), owing t« 

" ■ " O" 



CBUSTACEA. 149 

their common possession of a regular calcareotts ehell. Two distinct 
types of atnicture are known amongst the Cirripedia, constituting 
the two fmniliee of the Barnacles {Lepadxd<B), and the Acom-shells 
(ficdanidtB). 

In the Bamaclea (tig. 99), the anterior end of the body is much 
elongated, and is converted into a kind of stalk, by means of which 
the animal is attached to some solid object, such as a rock, a floating 
log of timber, or even some marine animal. In the Acom-Bhells 
(fig. 100) which occur in myriads upon every solid object between 
tide-marks, there is no stalk, but the head is firmly cemented to the 



Fig. W.— Two rully-gnura ii 


idividuala of the 


Fig, 100. — A, Acom-aheU (fltfnnw 


common Bunscle (Lepia < 


™nft™). grow- 




ii^! upon a foreign body. 


p TliB gtalk of 


viewed from above. B, B^^km^a, 




■t the inlniil en- 


with Ihe «l.oll on one side removed. 



centre of a membranous or shelly plate. The body is enclosed in a 
limpet-shaped or conical shell, composed of severul pieces, and hav- 
ing an apertui'e at ite summit. This opening is closed by a movable 
lid, and from it the animal can protrude its delicate legs or " cirri," 
which look like a " glass hand," and are constantly employed in 
sweeping the water in search of food. 

In accordance with the fixed condition of the adult, almost all the 
drripedia are hermaphrodite, possessing both male and female 
organs of reproduction. In some cases, however, males exist, but 

" ■ " O^^ 



IfiO INVERTKBRATl ANIMALS, 

these are much emaller than the females, and quite difTerent from 
them in appeai'&nce, and thej spend their existence within the shell 
of the female. 

Greatly as the Cirripedea are metamorphosed, when compared 
with the typical Crustaceans, they are not so entirely altered as are 
the nearly allied animals known aa the Rhtzoc^ikala, Theee'aia- 
gular Cnistaceans are fixed paraaitically to the under side ai the 
abdomen of crabs and hermit-crabs, the body being a mere muacular 
sac, with no indications of limbs or of s^mentation, attached to its 
host by means of branched root-like processes of attachment, whic^ 
sink deeply into the tissues of the latter. The young of these 
1 Crustaceans have, however, limbs and organs of vision, 
1 about actirely in the water. 
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CHAPTER XIV. 

ARACHKIDA. 
Class II. Abacdkida. 

This cla^s includea the Mites, Ticks, Scoqiions, and Spiders, and, as 
a whole, is very nearly related to the preceding. The Arachnida, 
however, are distinguished from the Crustacea by being adapted in 
most cases for a strictly terrestrial Ufe, so that when any distinct 
breathing- organs are present these are never i» the form of gills, 
but are always either pulmonary sacs or air-tubes {trachem). In 
none of the Aracknida, further, are there ever more than four pairs 
of legs, and the tegmenti of the abdometi never carry locomotive limbi 
of any tort. The eyes are sessile, and ai'e never supported upon 
stalks; the antentue are converted into jaiea or pincere; and the head 
it cdieayt anudgamated with the thorax, to at to farm a cephaloChtirax, 

The integument usually produces cbitine more or less abundantly, 
so as to constitute a resistant shell ; but in some cases the skin re- 
mains permanently soft. The mouth is situated in the anterior 
portion of the body, and in the higher forms is furnished with a 
pair of prehensile jaws, called " maniliblea," a pair of chewing-jaws, 
called "maitUlfe," and a lower lip. In the Scorpions an upper lip 
is present as well. In the true Spiders each mandible terminates 
in a sharp movable hook (fig. 104, B), perforated by a canal which 
communicates with a poison-gland situated near its base. Py means 
of this poison apparatus the spiders kill such animals as they 
capture. In the Scorpions the mandibles are short, and terminate 
in strong pincers (fig. 101, c). In them, too, the maxillre are fur- 
nished with enormously developed nipping-claws or chelie. In all 
the Arachnida the mandibles are believed t6 correspond to the 
antennte of the Crustacea, In the lower Arachnida, such as the 
Ticks, the organs of the mouth are modified partly for piercing, and 
partly for suction. 

The mouth in the Arachnida opens into a phajyni, which is of 
very small diameter in the true Spidere, which live simply on the 
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juices of their prey. The inteBtmal canal is usu&lly ahort and 
straight, and is coutimied witliout convolutiona to the aperture of 
the anus. Salivary glands are also present, as well as ramified tuliea 
(" Malpighian tubes ") which are believed to act as kidneys. 

The circulation is maiutatued by means of a dorsal heart, which 
is situated above the alimentary canal The typical Araekntda 




t-^ 



— PedlpalpJ. A, Seorpie nfgTy viewed froni Above, dnd Bomewhst rodnced in 
B, Front portion of the h«ad of the unie, viewed from Hbove, uad enlmTgnd. 
uMut Kxhii, with the t«nniiisl ugmentu and the end* of the appendigea on 
aide omitted, m Mwillary P«lpl (behind theie ire the four ]«ir of ainbuta- 
loite) 1 c Chellcene ; I Telson ; o Literal ocelli ; o' Centrnl, huger ooslli ; g 
euUr pUte, coverii^ the opening of the repnidiiQtive orginB ; r One of the 
nb« ; '■ I One of the openings Into lie pnlmumtj' s»ca. (C is ifter Prof. E»jr 



breathe air directly, and the function of reapiration is performed by 
the general surface of the body (as in the lowest members of the 
class), or by branched air-tubes termed "tracheee," or by distinct 
pulmonary chambers or sacs, or, lastly, by a combination of tracheee 
with pulmonary sacs. The tiacbeje are essentially similar in stive- 
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ture and function to the breathing- tubes of the Mytiapoda and 
Inieeta, and consist of tubes, which open ou the surface of the body 
by diatinct apertures called "spiraclea," or " stigmata," and ramify 
through the tissues internally. The walls of the tubes are prevented 
from collapsing by means of a spirally coiled thread or filament of 
chitine, which is wound round their walls within their inner lining. 
The pulmonary sacs which occur in the Anwknida are simple cham- 
ber formed by an inversion of the skin, which constitutes a number 
of closely set plates or folds. The whole of the interior of the pul- 
monary saca is richly supplied with blood, and air is admitted by 
means of external openings (fig. 101, C). 

The nervous system is of the regular Articulate type, but the 
ganglia of the ventral chain are often massed together in particular 
situations. In no case are compound eyes present ; and when dis' 
tinct organs of vision exist, these arc in the form of from two to 
eight or more simple eyes. 

ORDERS OF THE AHACHNIDA. 

Order I. PodosohaTjI. 

In this order are included the "Sea-spiders" (Pycnogonura, Jiym- 
phon, &c.), which are wholly marine, and are often regarded as re- 
ferable to the Cratttu^ea. They possess four pairs of legs, and upon 
this ground they have been generally placed in the Arachnida. In 
some forms the legs attain an extraordinary length, and contain 
prolongations from the stomach. They are all grotesque- looking 
animals, found at low water upon stones or marine plants, or para- 
sitically attached to nuoine animals. 

Order II. Acarima. 

The most familiar members of this order are the Mites and Ticks 
(fig. 102), They are distinguished by the fact that the abdomen is 
amalgamated with the cephalothorax to form a single mass. Bespi- 
ration is effected by the general surface of the body or by air-tubes 
(tracheie). The mouth-organs are usually adapted for piercing and 
for suction (fig. 102, C), but some Mites have biting mandibles. 

The habits of the Mites are extremely varied. Some are found 
upon different plants ; others are parasitic upon water-insects when 
young, but swim about freely when adult ; others ai* parasitic upon 
other animals, such as sheep, dogs, iiisecta, Ac; and others inhabit 
decaying provisions, as is the case with the well-known "Cheeae- 
mito " {Aaa-m dmiuttieut). Two species have a considerable medical 
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interest as attackiag m&n. One of these causes the skin-diaease 
which is known na the " itch," and the other is found inhabiting 




Fig. 102.— Acaiina. A. Tegetcranut elmgatut, one of the Mitca, enUrged K times. B, 
Ixodet rJciniw, one of the Ticks, greatly enLarged. C, Mouth-org»nB of h Tiulr 
(Iznlei BiWpuiltHX eiilaigfd : I LbWuiu ; m HnudiMes ; mp Msnillary pnlpL 
(After MiolMl. Paokurd, and Cnvier.) 

certain glandular follicles of the skin, probably without an excep- 
tion even in favour of the moat cleanly people.' 



Order III. Pedipalpi, 

In this family are the most formidable of all the Araeknida — 
namely, the Scorpions (fig. 101). They are all distinguished by the 
fact that the abdomen is divided into distinct segments, and is con- 
tinued into the cephalothurax without any well-marked boundary 
or constriction. In the true Scorjrions the end of the abdomen (fig. 
101, () is composed of a hooked telson, which is perforated for the 
duct of a poison-gland, aiCuated at its base. It is by means of this 
that the Scorpions sting ; and the poisonous fluid which theysecrete 
is sufficiently powerful to render their wounds painful or even 
dangerous. The mandibles in the Scorpions, as ali'eady said, are 
developed into pincers, and the so-called "maxillary palpi" con- 
stitute powerful nipping-claws. The respiratory organs are in the 
form of pulmonary sacs, four on each side, opening on the under 
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BUffece of the abdomen hj 
(%. 101, C). ^ 

Tlie Scorpions live in the warn 
and in tropical countries, and are 
generallj found biding under 
itoifea or in the ci-evices of walls. 
They bve upon insects, which 
they catch with the great nipping- 
dawB, and eting to death with the 
telaon. 

Belated to the true Scorpions, 
though belonging to a special 
group, are the little "Paeudo- 
Bcorpiona " or " Book-scorpions " 
(fig. 103, A). These are small 
ArachnidanB, which are common- 
ly found among old books, and 
which look very hke Scorpions in 
miniature, this being due to the 
fact that the maxillary palpi are 
of great size and terminate in 
pincers. Belated to these, again, 
are the " Harvest-men " {Phal- 
atiffium, fig. 103, B), which are 
distinguished bj the great length 
and slenderness of their legs. 



many diatinct apertures oc spiracles 
anaer re^ons of the temperate 




, Boot-icorpfnii (ciulifir). 



Order IV. Araheida, 

In this order are the true Spidera, readily distinguished from the 
Insects, with which they are popularly confounded, by having four 
pttiiB of legs, as well as by other characters. In all the true Spideiv 
(fig. 104) the segments of the thorax and head are united to form a 
nngle mass or cephalothorax, to which the soft and unaegnicnted 
abdomen is joined by a constricted stalk or neck, Bespiration is 
effected by means of pulmonary sacs, conjoined with trachea. The 
pulmonary sacs are two or four in number, and open on the under 
surface of the abdomen by as many apertures. The head bears 
from two to eight simple eyes ; the mandibles (fig. 104, B) are 
hooked, and carry the duct of a poison-gland ; and the maxillary 
palpi are not developed into nipping-claws. The Spiders are all 
predacious and rapacious animals, and many of them possess the 
power of constructing webs, either for the capture of their prey, or 
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aimply for lining their habitatjons. Por the production of the web^ 
Spiders are furnished with special glands situated at the extremity 
of the abdomen. The secretion of these glands ie a viscid fluid, 
which hardens rapidly on exposure to air, and which is cast into 
its proper thread-like shape by passing through what are called the 
These gxe little conical or cyUndrical organs, from 




ng. IM.— A, Tbc male of the Bommon HuuH-Spia«r (Ttgnaria eiMSi) eonsidenhlr 
magnlAed: c Front portion of the body, <:DiiFilBtiiig or the AinalgKinated head and 
thorai : p MaiilUir}' palpi ; a Abdoinon. B, Front portion of tlie bead of the 
mant. showing tlie eight ejca (/) and the mmidlblea (n). C. Under side or the head 
and tnm):, showing the true Ja»» (vi), the lower lip (I), ind tlie hornj plate to 
which the leg* are attsched. D, Diagram of one of the alr-chanibera or breathing- 
organs, (Pigs. A, B, sod C are after Blackwall.) 

two to eight in number, placed at the end of the abdomen, and per- 
forated by a number of extremely minute tubes, through which the 
secretion of the gland has to pass before reaching the air. Many 
Spiders, however, do not construct any web, unless it be for their 
own habitations, but simply hunt their prey for themselves. 

The Spiders are oviparous, and their young paas through no 
metamorphosis, but they cast their skin or " moult " repeatedly 
befoi-e they attain the size of the adult. 
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CHAPTER XV. 

MYEIAPODA. 
Class III. Mybiapoda. 



This cUbb is a Hniall one, and includes only the Centipedes and tho 
Millepedes. In all the Myrtapoda the head U distinct, and Dot. 
amalgamated with the thorax. TA^e it no clear boundary-line 
between the thorax and the abdomen, both being compoaed of nearly 
similar segments. The body (except in the genus Pauropiu) alwayt 
coTuiils of more than twenty rings; and the hiuder segments, which 
correspond to the abdomen, always carry locomotive appendages, 
whereas the abdominal rings in Araehnida and Intecta are always 
destitute of locomotive appendages. One pair of aTitenn/x is preient, 
and the numiw of the legs ti always more than eight jmirt. Bespira- 
tion is carried on by branched air-tubee or tracheie. 

In most of their characters the Myriapoda closely resemble the 
true Insects, with which, indeed, they are not uncommonly classed. 
The true Insects, however, always have the head, thorax, and abdo- 
men distinct from each other, and have never more than three pairs 
of legs. In most of the Myriiipoda the young or "larvie " are more 
like insects than the adult, since they have only throe pairs of l^s, 
or are altogether destitute of feet In some cases, however, the 
young Myriapod, on escaping from the 6gg, poeseases nearly all the 
' chanict«rs of the parents, except that the number of body-rings, 
and consequently of legs, is smaller, and increases with every change 
of akin ("moult"). The class is divided into two leading groups 
or ordei-B, represent«d by the common Centipedes {Chil<^)oda) and 
Millepedes {Chilognaiha). 

The Centipedes (fig. 105) are carnivorous in their habits, and the 
organs of the mouth are adapted for a life of rapine. In addition to 
the parts of the mouth proper, they have two paiiB of "foot-jaws," 
of which the second is hooked and perforated for the discharge of a, 
poisonous fluid. The bite of the common European species is per- 
fectly harmless to man, but some of the tropiad forms attain a 
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length of half a foot or more, and are couaequentlyable to inflict ex- 
tremely severe and even dangerous bites. The. true Centipedes are 
further distinguished by the number of legs not being indefinitely 




Kg. lOB.— CanUptde (Seolapendi 



great (usually from fifteen to twenty p^re), and by the fact that 
the antenne are composed of not less than fourteen joints each. 

The Millepedes (fig. 106) are repulsive-looking but perfectly inno- 
cent animals, which feed principally upon decaying vegetable matter. 
The body in the ordinary Millepedes is rounded and worm-like ; 
and the segments are so amalgamated that each apparent body-ring 

Fig. 1C8.— HLtleiwdB (lultu nuzlintu), ■ uuall cisinpla, of tli« naliinl ■!». 

gives origin to tteo pairs of mlnnte thread-like feeL The mouth is 
destitute of tbe powerful jaws which are found in the Centipedes, 
the legs are indefinitely numerous, and ttie ant«nme are short, and 
are composed of no more than six or seven joints each. 

The European Millepedes are all of small size, but some tropical 
species xttain a length of from six to ten inches. 

A third group, under the name of Pauropoda, has been estab- 
lished for a curious little creature called Pauroput. lu this, the 
body consists of only ten segments, and there are no more than nine 
pairs of legs. The antennie are five-jointed, forked, and provided 
with jointed appendages. There are no trachete, and respiration is 
carried on by the skin. It is very small, and is found inhabiting 
decayed leaves and damp situations. 

Lastly, a fourth group, termed Oaychophora, containing only the 
curious animals of the genus Peripatug (fig. 107), must be admitted, 
provisionally at any rate, amongst the Myriapoda. The species of 
Pfripalwi are worm-like animals found in moist sitiiations or under 
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stonea iu the West Indies, South Africa, South America, and New 
2:ealaiid. They are eo worm-like that they have often been placed 
among the Annelides ; but the recent reaearches of Prof. Moseley 

Fig. 107. — ODychopoda, Peripalui Capemis^ (AfT«r Miueley.) 

have shown that the animal breathes by tracheie, ao that it muat be 
placed in or near the Myriapoda. 
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CHATTER XVI. 

INSECT A. 

Class IV. Iksecta. 



The true Insects are diatinguished from the preceding cLisses of 
Articalite animals by the fact that the three divuioat of the body— 
namely, the head, thorax, and abdomen — are alwayt distinct from one 
another ; there are never more than three pain of legi in the aduU, 
atui thete are borne 'upon the thorax ; the abdoTneii it deetitute of 
locomotive appendoffei. Bespiration is effected by means of air-tubes 
or tracheie, and in moat Insects two pairs of wings are developed 
from the back of the second and third segments of the thorax. 

The integument in insects is more or leas hardened by the do- 
position of chitiue in it, and the body in deeply cut into segments 
(hence the name Insect, from the Latin insectut, cut into). The 
head in insects (fig. 108, a) is composed of several segmeuts amal- 
gamated together, and carries a pair of jointed feelers or antennee, 
a pair of eyes, usually compound, and the appendages of the mouth. 
The thorax in insccte {b, c, d) is' composed of three segments, which 
are amalgamated together, but are genemlly prettily easily recog- 
nised. Each of the segments of the thorax carries, in perfect 
insects, & single pair of jointed legs, ao that there are three pairs 
in all. To the back of the two hinder segments of the thorax, in 
most insects, there are also attached two pairs of wings. In their 
typical form the wings are membranous expansions, supported by 
more or less numerous hollow tubes, known as the " nervui«8." 
One or both pairs of wings may be wanting, and when both are 
present the anterior pair may be much modified by the deposition 
of chitine in it. These modifications will be treated of in speaking 
of the ordeis of Insects. The abdomen in insects {e) is properly 
composed of eleven segments, which are usually more or less ^ely 
movable upon one unother, and which never carry locomotive limbs, 
as is so commonly the case in the Cruttaeea. The extremity of the 
abdomen is, however, often furnished with appendages which are 
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primarily connected with reproduction, but whicli are often con- 
verted into weapons of offence and defence. Of this nature are the 
" ovipositon " of Ichneumons, the stings of Bees and Wasps, and 
the forceps of the common Earwig. 

The organs of the mouth in insects require a brief consideration, 
as being in tJie closest possible relation with their habits and mode 



Tig. 108.— Diagram ot the exlenal snBtcmy of an Insect : a Head carrying tlie eyei 
(o) and uitennao (on) ; b Firat segment of the thorai, with the flnt pair of lega ; 
c Beoond cement o( the tlianix, wilh tbe second pair of legi and the flnt pair of 
Kings : d Third segment of the tliorai, with the third pair of legs and the second 
pair of wings; e AMomen^ without LImba. but carrying terminal appendages con- 
corned in repnidnction;/Femur; (Tibia; (a Tarsus. 

of life. Two chief types of mouth are recognisable in insects, termed 
respectively the " masticatory " and the " suctorial," according as the 
mouth is fitted for biting and chewing, or simply for imbibing 
fluids. The masticatory mouth is seen in perfection in the Beetles, 
in which the following organs are present (fig. 109, A) : 1. An upper 
lip or " labrum " {l), attached below the frout of the head. 2. A 
pair of biting-jaws (m) or " mandibles." 3. A pair of chewing-jawa 
or " maxilla " (nu:) provided with jointed filaments, called the 
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" maxillary palpi " (mp). 4. A. lower lip or " labium " (la), which 
also carries a pair of Jointed fllamenta, known as the " labial palpi " 
(tp)- In the typical Buctorial mouth, as seen in the Butterflies and 
Moths (fig. 109, B), the following is the arrangement oi parts. The 
upper lip and mandibles are quite rudimentary ; the maxillffi (inx) 
are greatly lengthened, and form a spiral tube fitted for sucking up 
the juices of flowers ; and the labial palpi are much developed, and 
form two hairy cushions, between which the trunk can be coiled up 
when not in use. In many insects (flg. 109, C) the organs of the 
mouth are essentially adapted for suction, but are also fitted for 
piercing soUd substances, such as the skin of animals or the stems 




M.— Organs of Hie month of Insentj, enlarged ; (A) of a Beetle iCarahaa) ; (B) of 
the Bniall Cabtoge Whtte Butterfly {Pantia rapa) ; (C) of tlis Bed-bug (Cfnuz IkM- 
lanm), the mandlblea and niaxiltie "being diaplaoeil tooneeMe, il^brom; mUan- 
dible : mx Mtuilla ; mp Maii11>Lry polpus ; !a IjLbmm ; !p LaMal palpus ; on Baie 
or one artbs aslsnua. (Fig. B. Is ilishtly altered from Wcittwood.) 

of plants. In these the lower lip forms a kind of sucking-tube or 
sheath, within which are contained the maxillie and mandiblesy 
which are modified so as to form piercing organs or lancets. In 
the common Bee the masticatory and suctorial types of mouth are 
combined. The mandibles or biting-jaws are retained, to enable 
the honeycomb to be manufactured, and there is also a tubular 
trunk fitted for sucking up the juices of flowers. In the Butterflies, 
too, in which the mouth of the adult is strictly adapted for suction, 
the caterpillar is furnished with a masticating mouth, so that it can 
teed upon leaves, or other solid substances. 

The mouth in the masticating insects (flg. 110, a) leads into a 
membranous and often folded cavity, termed the "crop " (t), from 
which the food passes to a second muscular cavity or "gizzard " (c). 
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ISSKCTA. 163 

The gizzard is adapted for crushing the food, and often has plates 
or teeth of chitine developed in its walls. It is succeeded by the 
true digestive cavity (d), which is tenued the " the chyUfic atomach." 
From this there proceeds an intestine (/), of variable length, which 
usually temiinateB in a chamber called the " cloaca " (ff), into which 
the ducts of the reproductive organs open. The commencement of 
the gullet is furnished with glandular appeudsges, which discharge 



the functions of salivary glands. Inimediat«ly behind the posterior 
aperture of the stomach are a variable number of CKcal convoluted 
tubes (e), which are known as the "Malpigfaian vessels," after their 
discoverer Malpighi, and which correspond with the kidneys of 
higher animals. 

The circulation in insects is mainly carried on by a long con- 
tractile tube placed along the back, and termed the "dorsal vesseL" 
The blood collected from the various tissues and organs of the body, 
enters the dorsal vessel from behind, and is driven forwards to the 
anterior extremity of the body. Bespiration is effected by means of 
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air-tubca or tmcheEe (fig. Ill), which conime&ce at the surface by so 
many apertures or spiracles, and branch r«peat«<lly as they proceed 
inwards through the tissues. They have the same structure as in 
the Arachnida, consisting of membranous tubes strengthened by 



Fig. 111.— t<lc«l fnniBVerso McHon of ui InMot 'k Dorsal TesacI; 
Yentiti DOTV&cord ; 1 1 Stigmata Leading loto the branche'l traoht 
wings; a Coxa of one leg ; bTiDchantcr; cFemnr; d Tibta ; il 



means of a spirally coiled fiUmeut of ehitine. The trachea are 
prolonged into the wings, so that these structures likewise assist in 
respiration. 

The nervous system in insects, though sometimes somewhat modi- 
lied, has essentially the regular Annulose form of a ventral chain of 
ganglia, traversed in front by the gullet The organs of sense are 
the eyes and antennae. The eyes are usually " compound," and are 
composed of numerous six-sided lenses, united together, and each 
supplied by a separate nervous filament. As many as eight thousand 
of these lenses have been counteil in one of the eyes of the common 
Cockchafer, and this number is sometimes greatly exceeded. Besides 
these compound eyes there are sometimes "simple" eyes, identical 
in structure with the single lenses of the compound eyes ; and in 
rare cases these are the only organs of vision. The feelers or 
ant«nme, with which all insects are furnished, are jointed filaments 
attached close to the eyes, and assuming very different shapes in 
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different insacts. They appear to be certainly organs of touch, but 
they Tery probably miniHter to Other aenaea as well, and there is 
some reaaon to suppoee that they ai-e connected with the sense of 
hearing in particular. 

The se:ces in insectti are distinct, and most of them are oviparouH. 
Generally speaking, the young insect is extremely different in ex- 
ternal characters from the adult, and it requires, before reachii^ 
maturity, to pasB through a series of changes which coUectiveljr con- 
stitute what is called the " metamorphosis." In some insects, how- 
ever, there is no proper metamorphosis, and in some the changes 
which take place are not so complete and striking as in others. By 
the absence of metamorphosis, or by its completeness when present, 
insects are divided into three convenient, though perhaps not strictly 
natural, sections, as follows : — 

Section. I. Ametabolie Iiisectg. — The insects belonging to this section 
are said to be "Ametabolie" (Or. a, without ; metabole, chatigeX 
because they pass through no metamorphosis. The young, on their 
escape from the e^, resemble the adult in every respect, eicept in. 
size, and they undergo no alteration in reaching maturity, eicept 
that they grow larger. All the insects of this section are destj- 
tut« of wings in the adult state, and they are therefore often called 
" Aptera " (Gr, a, without ; pieron, a wing). 

Section If. Semimetabotie Intectt.—In the insects belonging to 
this section (Gr. fiemi, half ; and metabol^ change), there is a meta- 
morphosis consisting of three stages, but these stages do not differ 
much from one another in appearance (see fig. 117). The young, on 
escaping from the egg, is linown as the " larva," and it is not only 
much smaller than the adult, but is destitute of wings. After 
several changes of skin, the larva enters into the second stage, when 
it is termed the " pupa." The pupa ia active and- locomotive, and 
rarely differs much from the larva, except that it is bigger, and that 
rudimentary wings have now appeared on the back of the thorax. 
After a certain period, and after some changes of skin, the wings 
burst from their sheaths, and the pupa is now converted into the 
third and final stage, when it is known as the " imago " or perfect 
insect In all the insects belonging to this section — ^such as Grass- 
hoppers, Dragon-flies, &a, — the second stage, or pupa, is aetive and 
locomotive ; and for this reason the metamorphosis is said to be 
" incomplete." 

Sectimi III. Hoiometabolic Intectt (Gr. Ao&m, entire ; and metahoU, 
change). — The insects belonging to this section — such as Butterflies, 
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Motlis, and Beetles — paas through three stages, just as do the pre- 
ceding, but these stages differ from one another very much ia 
appearance, and the metamorpboais is therefore said to be " com- 
plete"(fig- 112), In these insects the larva ia worm-like, s^fmented, 
and usually furnished with locomotive feet, which do not correspond 
with the three paira proper to the adult (see flgs. 123, 124), though 
theae are URiially present as well. Sometimes feet are wanting alto- 
getlier. The larva is also provided with masticating oi^ns, and 
eata voraciously. In this stage of the metamorphosis, the larvee 
constitute what are popularly known as " caterpillars " or " gnibs." 



Fig, 112. — Hotain orthosis of the UngpIe'ltJOtli (PAolsita ^r«m£arto/a). 

Having remained in this condition for a longer or shorter time, and 
having undergone repeated changes of skin, necessitated by its rapid 
growth, the larva passes into the second stage, and becomea a pupa' 
(fig. 123 — ace also Ag. 112). In this stage the insect remains quies- 
cent, nnleaa irritated, and it ia very often attached to some foreign 
object, so as to be quite incapable of changing ita place. In the case 
of the Butterflies and Motbs, the pupa constitutes what ia familiarly 
known as the " chrysalis." The body is protected by a chitinoua 
pellicle, and in some cases this is still further protected by the dried 
skin of the larva ; whilst in otier cases the larva — immediately 
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before entering the pupa stage — spins for iteelf a protective case of 
silken tlureadB, which aurroondB the chrjsalis, and m known as the 
" cocoon." Having remained for a variable time in thia inanimate, 
quiescent pupa-stage, during which rapid changes have been going 
on in the interior of the animal, the insect now frees itself from the 
envelope which obscured it, and appears as the perfect winged adult 
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CHAPTER XVII. 
ORDERS OF INSECTS. 



The known number of insects is so enormouH, their forma are bo 
varioua, and their habits ami instincts are not only so remarkable, 
but have beeu so full; described, that it were hopeless to attempt 
here -to do more than gire the briefest possible outline of the lead- 
ing characters which distinguish the different orders. The student 
desirous of further information on this head must have recourse t« 
treatises apeciallj devoted to entomology. 

Section I. Ahetabolic Insects.^ Fom?^ not patting ihrouffk a 
metamoTphoeit, and differing from the adult in nze only. Perfect 
insect or imago destitute of mng»; eye* timpU, sometime* vtajuing. 
Owing to the fact that the adult ametabolic insects have no wings, 
they are often grouped together as a common assemblage, under the 
name of Aptera. 

Ordek I. Ahoplura. 

The insects comprised in this order aiv parasitic upon man and 
other animals, and they are commonly known «a Lice {Pedicvlus, 
fig. 113, A). They are all very minute in size, destitute of wings 
in the adult state, having a mouth formed for suction, and having 
either two simple eyes or none. 

Order II. Mallophaoa. 

These are known as "Bird-lice," and are all minut« parasites on 
different birds or quadrupeds (fig. 113, B). They are distinguished 
from the tnie Lice by not living upon the juices of their host, but 
upon the more delicate and tender appendages of the skin. The 
mouth is, consequently, not suctorial, bnt fitted for biling. 
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Ordeb IIT Collehbola. 



These are Apterous insects, which attach themselves to foreign 
bodies by means of a ventral suctorial tube. They are commonly 
called "Spring tails," in allusion to the fact that the abdomen 
carries a long forked appendage, which is employed as an elastic 
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spring, and which enables the insect to effect extensive leaps (fig. 
113, D and F). The best-known members of the group are the Podurm, 
which are generally found in moist dark places in gardens and in 
similar situations. 

Order IV. Thysanura. 

This order comprises insects such as Lepi*ma and Carapodea (fig. 
113, C), which are nearly related ta the preceding, but are distin- 
guished by the possession of a masticatory mouth, and by the fact 
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that the brntles which terminate the abdomen do not tana a 
"spring." The body is often covered with delicate acales, which 
) beautifully marked and 



Section II. Heuiuetabouc I'ssBcrra.—Metamorph/jii* incompUie; 
the larva differing from the perfect intect chi^y in the ah$etux of 
wingt and in tize; pupa ■uiually tuiive, or, if quietcent, capable of 
movement. 

Order V".. Hbmiptbra. 

In this order the moutli is formed for auction (fig. 109, C); the 
eyes are compound, but simple eyee are oft«n present in addition. 
Two pairs of wings are always present. 




Fig. HE.— Hcniiptcni. 



The Hemiptera live upon the juices of plants or animals, which 
they are enabled to obtain by means of their suctorial mouths. All 
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the fonr wings hts present, but the condition of these Taries in 
difiereat aectious of the order. In one group all the four wings are 
membr&notiB (fig. 114); but in the other the postenor wings and 
the tips of the anterior wings aloue are membranous. The inner 
portions of the anterior wings are hardened bj chitine (fig. 115), 
and they are known as " hemelytra " (Gr. hemi, half ; and elutrojt, 
a sheath). Amongst the more familiar examples of the Memiptera 
are the numerous species of Plant-lice {AjAidet), the Field-buga 
{Pentaloma, fig. 115), the Boat-fly, the Nepa 
or Water- scorpion (fig. 116), the Cochineal 
insects, and the Cicadas. 

The Cochineal insects are of considerable 
commercial importance^ as the dried and 
powdered bodies of tlie female constitute 
the substance known as Cochineal, from 
which is obtained the brilliant pigment, car- 
mine. The male insect is winged, and is 
smaller than the female, which is wingless. 
They live upon different Bpecies of Cactus 
{Opwttia), and are mainly imported from 
Mexico, Algeria, and the Canary Islands. 

Numerous species of Apkidei or Plant-lice 
(fig. 114)are known, and they are among the 
greatest pesta of the gardener and fanner, 
as they ere extraordinarily prolific, and live 
upon the juices of plants. One of the most 
curious points about the Plant-lice is that 
they secrete a sweet and sticky fluid, which is expelled from tlie 
body by two little tubular filaments placed near the end of the 
abdomen. Ants are excessively fond of this fluid, and hunt after 
Aphidet in all directions in order to obtain it. 

Order VI. Orthoptera. 

The mouth in this order is strictly masticatory ; there are four 
wings present, but the anterior pair are smaller than the posterior, 
and of a diflferrait texture. The posterior wings are membranous 
and are folded lengthwise, like a fan ; the anterior wings are 
leathery, and constitute cases (elytra) for the posterior wings. This 
order includes the CrickeU {Aclietida), Grasshoppers {AcHdiida), 
Locusts (Locustida), Cockroaches (Blatttda, fig. 118), and others. 
Some of them are formed for running, alt the legs being nearly 
equal in size ; others have the first pair of legs greatly developed, 
anil constituting powerful organs of prehension ; whilst others, such 



Fi]^r 116. — Nqra dnena, the 
" W»ter-«wr|iioii,'" ihow- 
IngUie unil-iuemlinilKiuii 
aiitprior wlngi ("hdme- 
lyUx-). 



172 



INVBKTEBRATE ANIMALS. 



aa the Locusts and Graaahoppera, have the hindmoBt pair of lega 
much longer than the others, giving them a coiuridertible power of 
leaping. All the Orihap- 
tera are estremelj tot- 
acious, and every one is 
acquainted with the ter- 
rible ravages occasionally 
caused in hot countries 
by swarraa of locusts. 

The moat deatructive 
species is the Migratory 
Locust {(Edipoda jmgra~ 
loria), which is veiy 
abundant in Africa, 
India, and throughout 
the whole of the East. 
Owing to the rapidity 
with which they devour 
everything they can pos- 
sibly eat, and owing to 
their enormous numbers, 
the Locustsare compelled 
to be constantly on the 
move, looking for " fresh fields and pastures new." It is from these 
migiations in vast bodies in aearch of food that the Migratory Locust 




i]op«d wings. 



:;, Adult or Imago, wLDi Uie fgllr 




takes its name. When one of theae destructive hosts visits a district, 
it only needs a few hours to convert the most fertile country into a 
howling wilderness. In an incredibly short apace of time everj green 
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thing on their line of march is destroyed, every leaf ia stripped from 
every tree, every blade of grass and com is eaten dowu, aiid it is 
not until the ground is utterly bare and brown that the Locasta take 
wing and aeek out some fre^ region to devastate. Nearly or quite 
as destructive as the Eastern Locust are various species which 
inhabit North America, and are particularly abundant in the far 
West 

OrDBR VII. NEUEOPTERi. 

The mouth in this order ia fitted for mastication ; the wings are 
four in number, generally nearly equal in size, all membranous, and 
traversed by numerous delicate nervures, which interlace ho as to 
form a delicate network (fig. 119). The metamorphosis is generally 
incomplete, but is sometimes complete. 

This order includes the well-known and rapacious Dragon-flies 
{LibeUididx), the Caddia-flies {Phryganeitke), the May-flies {Eph^ae- 
ridie\ the Ant-lion [Myrmdeo), the Aphis-lion (fig. IIDX Termites, 
&c. The last of these — namely, the Termites or White Ants (fig. 




120) — are social insects, living in organised communities, and ex- 
hibiting many remarkable phenomena. They are mostly inhabi- 
tants of hot countries, and cause immense mischief by destroying 
wood-work of all descriptions. Though called "White Ants," it is 
to be remembered that they are not related in any way to the true 
Ants. They build mounds of different shapes and sizes, sometimes 
several feet in height, formed of "paiticles of earth, worked into a 
material as hard as stone." Each family of Termites possesses a 
king and queen, which are always kept together closely guarded in 
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a chamber placed in the centre of the nest. Both are vithout winge 
and are much larger than the bulk of the community, the queen 
immensely so, owing to the enormous distension of her abdomen 
with eggs. The ordinary Termites are all sexless, incapable of lay- 
ing ^ggs, and they are divided into two distinct sets or "castes;" 
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both destitute of wings, and differing in the armature of the head. 
The one class includes the so-called " workera," who perform all the 
ordinary work of the colony, whilst the "soldiers" have greatly 
developed jaws, and are simply occupied in defending the nest 
against all enemies. 

Sbctiom III. HoLOMBTABOLA.— if efamorpAMM complete: the larva, 
pupa, and imago differiTi^ greatly from one anolhtr in extemtU ap- 
pearance. The larva leorm-like, and the pupa quiegceiU, 

Order VIII. Aphamptbba. 

In this order are only the Fleas {Puliddce) iu which the mouth is 
suctorial, the metamorphosis is complete, and the wings are rudi- 
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mentary, being represented by four minute scales placed on the last 
two Begmenta of the thoras (fig. 121). The larva of the c 
Flea ia a footless grub, which in about twelve days spins a c( 




for itself, and becomes a quiescent pupa, from which the imago 
emerges in about a fortnight more. 

Order IX Diptbba. 

The insects of this order, as implied by its name, have only a 
single pair of wings — namely, the anterior pair. The posterior 
wingB are rwdimenbiry, and are represented by two clubbed iila- 
ments called "balancers" or "poisers" (fig. 122). The mouth in 
the Dipt^a is Euctorial. It consists of a tubular lower lip, enclosing 
the other parts of the mouth, and placed on the under surface of 
the head. The auteunce are generally small and three -jointed, 
sometimes many-jointed, sometimes feathery. The metamorphosis 
is complete, the larva being usually a soft fleshy grub, with an 
indistinct head, and generally destitute of legs. 

The common Gnat {Cniex pipiem) deposits its eggs upon the sur- 
face of water, the eggs being cemented together to form a sort of raft, 
and each having an inferior lid which allows the escape of the larva 
(fig. 122, Ay. The larval Gnat (fig, 122, B) is vermiform, with a 
large head and thorax, and with lateral tufts of bristles, which it 
uses in swimming. The last abdominal segment carries a bunch of 
leaf-like fins, with which the larva can keep itself suspended, head 
downwards, in the water ; and the last segment but one carries a 
long tulie, into which the trachece open, and which the larva thrusts 
above the surface of the water for the purpose of obtaining air. In 
its pupal condition (fig. 122, C) this abdominal tube has disappeared, 
though the abdomen still acts aa a swimming-organ. The Iiead aud 
thorax are now fused tt^ther, and the dorsal aspect of the thorax 
is furnished witli two tubes, which project above water when the 
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insect comes to the surface, and which convey air to tike tracbefe. 
Though active, the pupa does not eat ; and when the time coroes for 
the completion of the metamorphosis it approaches the surface, above 
which it raises its back. Tlie skin then splits dorsally, and, drying, 




A Tew ot t1i« eggH, attached togethor 
a ain, wuicti noata on lue wauT ; tt, The larva, auBpended in the water 
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the flDK attached to the t 
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forms a boat, in which the insect floats until its winga are fit 
for use. 

The Diptera constitnte one of the largest orders of insects ; the 
House-flies and Flesh-fiies {Mutca), the Gnats and Mosquitoes 
{C«licidfe\ the Crane-flies {Tipida\ the Forest-flies {Hippobotca), 
and the Gad-flies {Tahanida:) constituting good examples. 



OftDEB X. Lepidoptbra. 

This well-known and most beautiful of all the orders of insects 
comprises the Butterflies and Moths, the former being active by day 
{diumcU), and the latter mostly towards twilight (crfputciiCar), or 
at night {noctjimcU). In all the Lepidtrptera the mouth of the adult 
insect is purely suctorial, and is provided with a spiral trunk fitted 
for imbibing the juices of flowers, and formed out of the elongated 
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and metamorphosed maullee (fig. 109, B). The wings are four in 
niunber, and are covered more or less uorapletely with modified 
hairs or scales, which are pretty objects under the microscope, and 
from which the wings derive their beautiful colours. The larvie of 
the Lepidoptera (fig. 123) are generally known as caterpillars. They 



Flff. lES.—UrgoCabtoge White Butterfly (PosftoftroffllOT), n Larva or cuterpillar ; 
b Pupa or chryMlfa ; e Iiiiago or perfect Insect. 

are worm-like, provided with masticatory organs fitted for dividing 
solid subatancea, posseBsing false legs ("prolega") in addition to 
the three pairs pruper to the adult, and having attached to the 
under lip a tubular organ or Rpinneret, by which silken threadn 
can be manufactured. 

The Butterflies or Diurnal Lepidoptera are characterised by being 
active during the daytime, by keeping their wings mostly erect 
when at rest (lig. 123, c), by generally having club-^aped antenna, 
and by having a chrysalis {b), which is almost always naked and 
angular, and is generally attached lo some solid object by silken 
threads variously disposed. 

The Moths (fig. 124) are mostly active during the night-time, 
when they are said to be " nocturnal." Many of them, however, 
are "crepuscular" — that is to say, they are active during the hours 
of twilight ; and a few come out in broad daylight and in the 
brightest sunshine. The pupte or chrjrsalidea are never angular, 
as in the cnse of the Butterflies. 

In the Crepuscular Lepidopiera, including those forms which are 
active during the twilight, the antenme are usually fusiform, or 
grow gradually thicker from the base to the apex ; the winga are 
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horizontal or little inclined when the insect is at rest ; and the 
pupa; are never angular. Amongst the beat known of the Crepna- 
cular Lepidvptera are the Hawk-moths {Spkingida), compriaiiig 
some of the largest examples of the whole order. 

The Nocturnal Lepidoptera hare the anteiinee setaceous, or dimin- 
ishing gradually from the base to the apex, often serrated or pec- 



Fig. ISt.— aoat-iooth {Coatu ligniptria) and CBterpltltir. 

tinated (fig. 124); the wings in repose are horizontal or deflexed; 
the pupse are mostly smooth, sometimes spiny, and often enclosed 
in a cocoon. This group includes roost of the ordinary moths. Cer- 
tain groups of these comprise Moths of very small size, which are 
often spoken of aa Jficrolepidoptera. 

Order XI, Htmekopteha. 

In this order all the four wings are present, as a rule, and they 
are all membranous in texture, with few nervurea (fig. 12S). The 
mouth is always furnished with biting-jaws or mandiblea, but often 
is adapted for suction as well. The females have the extremity of 
the abdomen furnished with an instrument connected with the pro- 
cess of laying eggs (ovipositor) ; and in very many cases this becomes 
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the powerful defensive weapon known aa the sting. The metamor- 
phosis ia complete. 

The Hymenoplera form a very extensive order, comprising the 
Bees {Apidxe), the Waapa ( Veepida), the Ants {Formicidte), the Gall- 
flies {OyrdpidiB), the Saw-flies {Tenihredinidtf, fig. 125), the Ichneu- 
mons, and many other forme. The Bees, Waspa, and Ants are well 
known as forming social communitiea, though solitary members of 
the two former families are very common. 

In both groups theae organised communities consist of a vaat num- 
ber of undeveloped femalea, or " neuters "—the so-called " workers " 
—presided over by a single fertile female, or "queen," or contain- 
ing several such. The males are only produced at certain seasons, 








Pig. 120.— Hymenopteri. a Wing 

and they constitute the so-called " drones" of a hive of bees. The 
workers discliarge all the dutiea necessary for the preservation of 
the colony, such as procuring food, building the nesta, and feeding 
the young. As there is only one set, or " caste," of neuters, the 
duty of defending the neat f^ls to the lot of all the workers, and is 
not delegated to a special class of aoldiera. The queen is the founder 
of the colony, and her aole function, after atartiiig the community, 
is to lay eggs. The drones, or males, do no work, as a rule, and 
they either die, or are kiUed by the workers, aa soon as the female 
is fertilised. 

The Anta likewise form communitiea, coaaiating of matea, females, 
and neutera. The mates and females, like those of the very different 
" White Ants," or Termitea, are winged (fig. 125, a), and are jwo- 
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duced in great numbers at particular times of the ;ear. They then 
quit the nest and pair, after which the fecundated females lose their 
wings and form fresh societies. The workers (fig. 125, b) are some- 
times all of one kind, but they are often divided into two, or even 
three, distinct classes or " castes." The Ants exhibit many most 
extraordinary and interesting instincts and babito, of which their 
custom of "milking" the little Plant-lice has been already men- 
tioned. Another very singular habit of some Ants may be jnst 
alluded to— their habit, namely, of capturing the pupse of other 
speeiea of Auts and bringing them up as slaves. The relations, 
however, between the n>as4«rs and slaves vary a good deal in dif- 
ferent cases. In the case, for instance, of tbe Busset Ant (Formica 
ru/egcetu) the maatera are so entirely dependent upon their slaves 
that they cannot even feed themselves, and tbe only work which 
they perform unassisted is the capturing of fresh slaves. In the 
Blood-red Ant (Formica tangmnea), on the other hand, the staves 
are much fewer in number, and the masters are much less dependent 
upon their good oflices. In all cases, the slaves exhibit the greatest 
devotion to their masters, and are invariably taken the greatest care 
of by their captors. 

Order XII. Strepsiptbra. 

This is an extremely small order of insects, which merely requires 
to be mentioned. It includes only certain minute parasites, which 
are found on bees and other HymenopUra. The females are desti- 



ny;. IM.—BtrepsiiitfnL Stulifi Spencil, greatly taagnlfled (gflw- Wntwood). 

tute of wings or feet, and are merely soft worm-like grubs. The 
males (lig. 126) are active, and possess a single pair of large mem- 
branous wings. Unlike the Diptera, it is thepot/ertor pair of wings 
which is present, and the anterior pair is quit« rudimentary, and is 
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only represented by curious twisted filaments, from which the name 
of the order is derived. 

Order XIII. Coleoptera. 

The twelfth and last order of insects is that of tlie CoUoptera, 
including the well-known insects familiar to every one under the 
name of "Beetles," The leading peculiarity of the Coleoptera is to 
be found in the fact, that though all the four wings are present, 
only the posterior pair ai'e membranous, and perform the function 
of wings. The anterior pair of wings (figs. 127, 128) ai'e no longer 
capable of being used in flight, but are hardened by the deposition 
of chitine, and constitute protective cases, which cover the hind- 
winga, and are known as "elytra" (Gr. etutron, a sheath). The 
mouth in all the Beetles is masticatory, and is furnished with biting 
and chewing jaws (fig. 109, A). 

The larvfe of the Beetles are all worm-like gntba, with masticatory 
mouths, and they all pass through a complete metamorphosis, gen- 
erally requiring a protracted period for its completion. The known 




number of different kinds of Beetles cannot be estimated with any 
certainty, but it may be safely said that the order is one of the 
lai^est of all the groups of Insects. They are, as a general rule, 
remarkable for their hard cbitinoua skin, their glittering, often 
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metAllic, colours, and their voracious habits, though many of them 
feed upon vegetable matters. 

Of the enormous number of known Beetles, the only one which 
can be said to be of anj decided use to man is the so-called Blister- 
beetle," or "Spaniah Fly" {Canlharu veticatfrria). This handsome 
insect is a native of Southern Europe, especially of Italy, Spain, and 
Prance, and lives upon the leaves of the ash, lilac, elder, and poplar. 
It is largely collected and exported for medicinal purposes, as it 
yields one of the most generally used and efficient of blisters. 

Many of the CoUoptera inflict great injury upon wild or cultivated 
plants, some of them being most destructive in their adult condition, 
while others do most harm in their larval state. It is to be remem- 
bered, however, that the Coleoptera, like the Diptera, discharge 
important aad highly benelicial functions by destroying vast quan- 
tities of decaying organic matter, which would otherwise prove 
injurious to man. 
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SUB-KINGDOM V. MOLLUSCA. 

CHAPTER XVIII. 

Sub-Kingdom Mollubca. 

The Jfaltuica (Lat. mollis, soft), as implied by their scientific name, 
are mostly soft-bodied animate ; bi^t their popular name of "shell- 
fish" expresses the fact that their soft body is usually protected by 
an extem&l skeleton or " shell." All the MoUuKa are furnished 
with a distinct alimentary canal, which is completely shut off from 
the general cavity of the body. There is sometimes no distinct 
blood-circulatory apparatus ; but when there is, its ceutral portion 
(('.«., the heart) is placed upon the dorsal aspect of the body. The 
chief peculiarity, however, of the Mollustxi is found in the nature of 
the nervous system. In the lower forma (fig. 132, 2, d), the nervous 
system consists essentially of a single ganglionic mass, giving off 
filaments in various directions. In the higher MoUutca, (fig. 129X 
the nervous system consists of three scattered pairs of ganglia, united 
to one another by nervous cords. One of these pairs is placed above 
the gullet or oesophagus, and is known as the " supra-ossophageal " or 
" cerebral " ganglia. A second pair supplies nerves to the great loco- 
motive organ of most Molluscs, the " foot," and is therefore called the 
" pedal " ganglia. The third pair is known by the cumbrous name 
of the " parieto - splanchnic " ganglia, because it supplies nervous 
filaments to the walls {parietes) of the body, and also to the internal 
organs (splanchTta). In all the higher Molluscs it is this ecaiiered 
condition of the nervous masses which distinguishes them so sharply 
from all other animals. Distinct respiratory organs may or may not 
be present, and they may be adapted for breathing air directly or 
through the medium of water. All the higher Molliuca, are simple 
animals, and perpetuate their kind by means of the sexes ; but many 
of the lower forms have the power of producing colonies by con- 
tinuous gemmation, much as we have formerly seen in the Hydroid 
Zoophyt«S. 
Tlie digestive system in all the Motluica consists of a month, 
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gullet, Btomach, inteBtiwe, and anna (fig. 129), with the exception 
of ft few forme in which the intestine ends blindly. In some the 




a typical UoUusc (the Common Wtielk). /The 
: npercalnin ; ( One or the tentacles, or teelen, wlCh an 
d, with the mouth at fta oittemtty; « 



the combined pedal and tArietd^aplanchiilc gaoglla. 

mouth is surrounded by ciliated tentacles {Polyzoa, iig. 132); in 
others it is furnished with two long ciliated arms (Brachiopoda, fig. 




130); in the Bivalves {LamelHbranchiala), it is mostly furnished 
with four laerabrnnous processes or " palpi " (fig. 139, p) ; in others 
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it is fumisbed with & complicated toothed organ or " odontophore " 

{Qcuteropoda, iig. 141, and Fteropoda) ; and lastly, the GepkcUopoda, 
in addition to na odontophore, poasess homy mandibles, forming a 
kind of beak, very like that of a parrot 

The blood is colourless, or nearly so. In the lowest class of the 
MolluKa (Poli/ioa) the circulation ia carried on by means of cilia, 
and there is no distinct heart nor any defiuite course of the circulat- 
ing fluid. In the Sea-squirta (Ihtniaaia) there is a distinct heart, 
but the structure of this is very simple, consisting of a mere tube, 
open at both ends, so that the course of the circulation is periodically 
reversed. In the higher MoUmca there is a distinct heart, consist- 
ing of two chambers, of which one (the auricle) receives the aerated 
blood from the gills, while the other (the ventricle) drives it through 
the body. 

Respiration is very variously etFected amongst the Jfollugca. In 
the Polyzoa (fig. 132) respiration is discharged mainly by the crowa 
of ciliated tentacles surrounding ttie mouth. In the Sea-squirts (fig. 
134) respiration is effected by a greatly developed pharynx, which 
is perforated bj numerous ciliated apertures. In the Lamp-shella 
and their allies {Jirachiopoda, fig. 135) the long ciliated arms which 
spring from the sides of the mouth seem to be the main agents in 
respiration. In the Bivalve shell-iish, the Cuttle-fishes, and most 
of the Univalves, the breathing-organs are in the form of gills or 
branchiie, adapted for breathing air dissolved in water. In the re- 
mainder of the Univalves (e.g.. Snails and Sings) the breathing- 
organs are adapted for breathing air directly, and have the form of 
an air-chamber or pulmonary sac, produced by the folding of a por- 
tion of the mantle. The air is admitted to the chamber by a round 
opening situated on the aide of the neck, and capable of being 
closed at will. The lining membrane of the chamber is richly sup- 
plied with blood-vessels, and thus the necessary purification of the 
blood is carried out. 

In accordance with the scattered or rudimentary condition of the 
nervous system, the Mollvica are not characterised by acnteness 
of senses, nor by any great power of locomotion. Organs of sight 
exist in some of the lower and many of the higher Molluxca, attain- 
ing in the Cuttle-fishes (fig. 148) an eitreniely high type of organi- 
sation. Some of the common Bivalve ahell-fish, such as the Scallop, 
possess numerons simple eyes placed along the margins of the man- 
tle, but in many cases even these are absent. Locomotion is very 
variously effected, but seldom with much vigour or activity. The 
lowest classes of the MoUoica are in the great majority of instances 
fixed when adnlt. The common Univalve shell-fish, such as Whelks, 
Snails, Slugs, &c., creep about slowly by means of a flattened disc, 
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developed on the under surface of the body, and known as the 
"foot." Other Univalves aiid many Bivalves can effect short leaps 
by means of the foot ; but many of the latter are permanently fixed 
to solid objects, or buried in the sand. The minute Mollutca, 
known as the Pteropoda (fig. 147), swim freely at the surface of the 
ocean by means of two fius, formed by a modification of the foot, 
and attached to the sides of the head. The only Molluscs which 
enjoy really active powers of locomotion are the predaceouiS Cuttle- 
fishes, which swim rapidly by means of fins, or by ejecting a jet of 
water from the cavity of the mantle, and which can also creep about 
by means of the "amis " placed round the mouth (fig. 148). 

The last feature in the Molluica which requires to be mentioned 
is the "shell." The shell is not invariably and universally present 
in the ifolltuca, many being either destitute of a shell altogether, 
or having one so small that it would not commonly be recognised as 
such. In these cases, as in the common Slugs, the animal is said to 
be "naked." In all the Mollutca which possess a shell, this is 
secreted by the integument, or by what is technically called the 
"mantle"; and in all cases it is composed of carbonate of lime. 
The methods in which the lime is arranged differ in different caaes ; 
but all living shells have an outer covering of animal matter, which 
is known as the " epidermis." In a great many of the higher Mot- 
lasca, such as the Whelks, Periwinkles, Snails, and others, the shell 
consists of only a single piece, when it is said to be "univalve." In 
many others, such as Oysters, Mussels, Scallops, &c, the shell is 
composed of two pieces, and is then said to be "bivalve," In a few 
fonus the shell consists of several pieces, and it is then said to be 
" multivalve." The more important variations in the shells of the 
MoUugca will be noticed in speaking of the different classes of the 
sub-kingdom. 

In accordance with the nature of the nervous system, the Mol- 
hi»ca are divided into two great divisions, known respectively as 
the MM«acoida and Uolliisoa proper. In the MoUaicoida tJie 
nervous system consists of a single ganglion, or principal pair of 
ganglia, and there is either no circulatory organ or an imperfect 
heart. In this division are included the three classes of the Sea- 
mosses {Poli/ioa), the Sea-squirts {Tunicata), and the Lanip-shella 
and their allies (Braekiopoda). In the MoUnsca proper the nervous 
system consists of three principal pairs of ganglia, and there is a well- 
developed heart, consisting of at least two chambers. Under this 
head come all the ordinary forms of Shell-fish. 
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CHAPTER XIX. 
MOLLUSCOIDA. * 
Class I. Polyzoa. 



The membeni of this claaa are the lowest of all the Molhuca, and 
they are generally known by the populai names 



and " Sea-mats." They are invariably compound, forming asaociated 
^growths or coloniea, often more or less plant-like iu form (fig. 131), 
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each consisting of a number of distinct but similar zooids, produced 
b; geminsitioii from a single primordial iiidifidua). The colonies 
thus produced are very generally protected by a horny or chitinous 
integument, and they are so like the Hydroid Zoophytes that they 
were long described as such. Indeed, the only absolute distinction 
between the two classes is to be found in the internal structure of 
the zoijids of each. Tlie separate beings or zoiiids which collec- 
tively constitute the colony of any Polt/2odri are spoken of as " poly- 
pides " — the term polypite being only used in connection with the 
Hgdrozoa, and the term jxtlype being similarly restricted to the 
Actinozoa. 

Each polypide in a typical Pali/zoim has the following structure 
(fig. 133, 2) : The body of the animal is enclosed in a duuble-walled 
sac, of which the outer layer is usually chitinous or calcareous, and 
constitutes a " cell " in which the zoOid is contained. This outer 
layer is known as the " ectocyst " to distinguish it from the ecto- 
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derm of the Cedenterata. The cell, thus formed, is lined by a much 
more delicate membranous layer, which is known as the " endocyst." 
This membranous sac, formed by the endocyst, is pierced by two 
openings. One of these is the mouth, and it is always surrounded 
by a circle or creaceiit of hollow ciliated processes or tentacles (Rg. 
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132, 2, a). These ciliated tentaclea aerve partly as reapiratory 
organs, and partly to set up a current of water by which floating 
particlea of food are brought to the mouth. The mouth and teu- 
tacular crown can be partially or completely pulled into the sac by 
means of a muscle which is fixed to the gtillet (2, g). The mouth 
leads into a giiUct, and that again into a stomach, sometimes with a 
muscular gizzard between. From the stomaxsh proceeda an intestine 
of variable length, which terminates by a distinct aima at the npper 
part of the sac (2, c). On one side of the gullet, between it and the 
anus, is placed a single nerve -ganglion {<£), Distinct reproductive 
organs {//) are also present, and the whole cavity of the sac ia filled 
with fluid. Prom the above description it will be evident that the 
typical polypide of a Palyzoiin differs from the polyjiitc of a Hydro- 
toOn in having a distiuct alimentary canal suspended freely in a 
body-cavity, in having both a mouth and vent, in having a distinct 
nervous system, and in having the reproductive organs contained in 
the body. 

The foregoing gives the essential structure of the polypide of any 
Polyzofin, but iu nature this simplicity is lost. In all cases in nature 
the primitive polypide possesses the power of producing fresh zojiids 
by a process of budding ; and these zoiiids remain attached to one 
another, so that ultimately there is produced a compound growth 
or colony. Further, in almost all the Pol^zoa, the ectocyst or outer 
layer of the polypide is more or less hardened by the deposition in 
it of ehitine or of carbonate of lime. The skeletons thus formed are 
the parts of the colony which are most familiarly known, and in the 
case of the common Sea-mats (fig. 131), they are very well known to 
seaside visitors, and are generally regarded as sea-weeds. Examined 
in its dead state, such a skeleton only shows a number of little 
homy chambers or cells (fig. 132, 1), each with a little aperture. 
When alive, however, each of these cells was tenanted by a single 
2o6id or polypide, capable of protruding its ciliated head from the 
aperture, and of again retiring within it if alarmed. The skeleton 
is, in some cases, furnished with curious organs, which are known 
as " bird's -head processes" (aviadaria, fig. 132, 3), from their re- 
semblance to the beak of a bird. The parts of this beak keep 
constantly snapping together, very much like the little pineer-like 
organs called " pedicellarise " in the Sea-urchins and Star-fishea ; but 
it is diflicult to see what service they perform. They continue their 
movements long after the death of the polypides, and this appears, 
in some cases, at any rate, to be due to a peculiar system of nerves 
known as the "colonial" nervous system. In addition, namely, to 
the single ganglion with which each polypide is furnished, it has 
been shown that, in some forms, the zoUids composing the colony are 
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united together by a. well -developed nervous Bystem, and are thua 
brought iiito organic connection with one another. 

The vast majority uf the Folyzoa are fixed, and thus asanme a 
very plant-like appearance. There ie one fresh-wat«r type, how- 
ever (viz., Gruitatella), in which the colony can creep about upon a 
flattened base very hke the foot of a slug. Iti this same form, also, 
alone of all the Polyzoa, there is not any outer covering or ectocyst 
to the polypides. 

The Polyzoa are partly inhabitants of the sea and partly of fresh 
water, and they are thus divided into two groups which, as a 
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general rule, differ from one another considerably in anatomical 
itructure. In most of the fresh-water Pohjzoa the tentacles are 
borne upon a cresceutic disc or stage (fig. 133, 3), bo that the crown 
of tentacles assumes the shape of a horse-shoe. In almost all the 
marine forms, on the other hand, the tentacles (fig. 133, 2) are 
simply arranged in a circle. 

All the Folyzoa are hermaphrodite, each polypide being furnished 
with the reproductive organs proper to the two sexes. The eggs 
are simply liberated into the perivisceral cavity, where they are 
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fertilised ; but it is nncertain how the fertilised ova escape into the 
external medium. Besides true sexual reproduction, and besides 
the power of producing colonies by continuous budding, fresh in- 
dividuals can be produced in many cases by a process of discon- 
tinuous gemmation. 

Class II. Tukicata. 

The members of tbis class are not uncommonly called Agcidiaa 
Mollu»c» (Gr. adco), a. wine-skin), from the resemblance which many 
of them exhibit in shape to a two-necked leather bottle (fig. 134, C). 
They are popularly known as "Sea-squirts," from their power of 
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forcibly ejecting water from the orifices of the bottle. Their scien- 
tific name, again, uf Tanicata, is derived from the fact that the 
body is enveloped in a leathery elastic integument, which consists 
of different layers, and which takes the place of a shell. The outer 
covering of the animal is of a gristly or leathery consistence, and is 
known as the " test." It is remarkable for containing a considers- 
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ble proportion of a eubstance apparently identical with cdhdote, 
which ia one of the most bharacteiietic of all vegetable products. 
The test is lined by a second coat, which is hi^ly muecular, and 
confers upon the animal its power of contracting itself and squirting 
out water. Of the two necks which are placed at the anterior end 
of a simple Aacidian (fig. 134, C), one is perforated by the aperture 
of the mouth, whilst the other serves as an excretory aperture. 
These two apertures are known respectively as the "oral," or 
"branchial,'' and the "atrial" apertures. 

The oral aperture (a) is usually furnished with a circle of small 
non-retractile tentacles, and opens into a great clianiber known by 
Tarious names, but beat as the " respiratory sac " or " branchial sac." 
This sac occupies the greater part of the cavity of the body (fig. 
134, A, »), and has its walla perforated by numerous apertures, the 
sides of which are ciliated. At the bottom of the respiratory sac is 
B second opening (the mouik of soma writers) which leads bya short 
gullet into a capacious stomach (^). From the stomach an intestine 
is continued to terminate by a distinct anus, which does not com- 
municate directly with the exterior, but opens into a second 
great chamber, known as the "cloaca" or "atrium" (c). The 
cloaca, in turn, opens on the exterior by the second or atrial aperture 
in the test (a). Tliese two great cliarabera — namely, the respiratory 
sac and the cloaca — occupy the greater part of the body-cavity, and 
where their walls come into contact, a free communication is estab- 
lished between the two by means of the ciliated apertures already 
spoken of as perforating the respiratory sac. The cilia which fringe 
these apertures all work towards the cloaca, and thus a constant 
current of water ia caused to set in by the oral aperture, through 
the respiratory sac, into the cloaca, and out again by the atrial 
aperture. In this Way respiration is effected, the walls of the res- 
piratory sac being almost made up of blood-vessels. A distinct 
heart is present in all the TuniaUa, but it has a very simple struc- 
ture. It consists of a simple tube, open at both ends, and not pro- 
vided with valves. In consequence of this, the circulation in the 
majority of Tunicaries is periodically reversed, the blood being 
driven for a certain number of contractions in one direction, and 
then propelled for a like period in an opposite direction ; so that 
" the two ends of the heart are alternately arterial and venous." 

The nervous system in the Taiiicata consists of a single ganglion 
placed on one aide of the oral aperture (tig. 134, A, n). 

With one or two exceptions all the TitnidUa are hermaphrodite, 
the organs of reproduction being situated in a fold of the intestine, 
and opening intj) the cloaca. The embryo is usually at first free, 
and swims about by means of a long tail, so that it presents con- 
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siderable resemblance to the tadpole of a frog. The tail of the 

larval Tunicate also possesses in its interior a singular axial rod, 
which presents a rranarkable resemblance to the embryomc back- 
bsne or "notochord" of Vertebrate animals. There are, farther, 
other points of likeness between the embryo Tunicates and the 
Vertebrata ; and the Tunicates are, therefore, sometimes regarded em 
degenerate Vertebrate animals. 

The Tunicata are all marine, but differ a good deal from one 
another in form. In the so-called "simple" Ascidians the animal 
has the shape figured above (fig. 134, C), and is fixed to some solid 
object by one end of the test. In the " social " Ascidians the 
organism consists of a number of zooids, produced by coutinuous 
budding, and connected together by a common tube, through which 
the blood circulates. In the so-called " compound " Ascidians (fig. 
134, B) the testa are fused together into a common gelatinous mass, 
in which the individuals are embedded in groups. Some of the- 
Tunicata are oceanic — that is to say, are found floating or swimming 
at the surface of the open ocean — and some exhibit the phenomenon 
of phosphorescence. 

Class IT I. Bbachiopoda. 

The members of this class, sometimes called " Lamp-shells," are 
little known to the general public, being all marine, often inhabit- 
ing considerable deptlis in the sea, and being much more abundantly 
represented by fossil forms than by living examples. They are 
often placed with the oidinaty Bivalve shell-fish {Lamdlihranchiatd), 
in consequence of their universally possessing a shell composed of 
two pieces or valves (fig. 135), but they are really of a much lower 
organisation. In their essential structure they show many points 
of affinity to the FcAyzoa, but they are always simple animals, never 
forming colonies, and they always have a bivalve shell. The two 
pieces of which the shell is composed are always placed one in front 
and one behind, so tliat they are " ventral " and " dorsal," and not 
"right" and "left" as in the true Bivalves. The two valves of the 
shell are also always slightly, and sometimes greatly, different from 
one another in size, so tliat the shell is said to be " inequivalve." 
The ventral valve is usually the largest, and often possesses a 
prominent curved beak, which is generally perforated by an aper- 
ture through which there passes a muscular stalk by means of 
which the shell is attached to some solid object. In some cases, 
however, as in Lin^ula (fig. 136), the stalk of attachment simply 
passes between the valves, and is not transmitted through a distinct 
aperture. In other cases the shell is simply attached by the sub- 
stance of the ventral valve. 
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The inner surface of the valvea of the shell ia lined by expansions 
of the integument, which are called tlie "mantle-lobes," and which 
secrete the shelL The digestive organs and muscles occupy a, small 
space near the apex or " beak " of the shell, which ia partitioned off 
by a membranous partition, perforated by the aperture of the mouth. 
The remainder of the cavity of the shell is almost filled by two long 
processes, derived from the sides of the mouth, fringed with lateral 
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branches, and termed the "amiB" (fig. 135, D). These arms are 
usually closely coiled up, and serve to obtain food for the animal. 
It is from these organs that the name of the class is derived (Gr. 
bTOchion, arm ; and podes, feet). The arms also serve as respiratory 
o^ans, and in many forma tbey are supjKjrted on an internal calca- 
reous framework or skeleton, sometimes called the "carriage-spring 
apparatus." 

Joosic 
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The mouth is placed between the bases of the arms, and is not 
furnished with any apparatus of teeth. It coD' 
ducts by a guilet into a distinct stomach, sur- 
rounded by a well-dereloped granular liver. The 
intestine may or may not be furnished with a 
distinct anus, but in no case does it open into 
the body-cavity. Within the lobes of the mantle 
there is a remarkable system of branched tubes, 
which commence by blind extremities, and finally 
communicate with the mantle - cavity by means 
of certain organs which were formerly believed 
to be hearts, and are now known as "pseudo- 
hearts." This system of tulies appears to be main- 
ly, if not entirely, connected with reproduction. A 
true heart, however, is present in most, if not in all, 
of the Brackiopoda. 

The nervous system consists of a single principal 
ganglion, in some cases connected with others so 
as to form a collar round the commencement of the 
gullet. In some cases, however, the nervous system 
appears to be very rudimentary. 

The aeies appear to be sometimes distinct and pig. isa.— UbcuIq 
Bometimea united in the same individuaL The anniina, etiowing 
embryo, in some cases, at any rate, is locomotive, ^ "k^ theaheU 
moving from place to place by means of the ciliated ), attached (p). 
arms or by ventral spines. (After Carter). 
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CHAPTEE XX. 
MOLLUSCA PBOPEa 



The higher Mollutca or MMugca Printer comprise those members of 
the sub-kingdom in which the nerv<yus tyitem comiati of three prin- 
cipal pain of ganfflia ; and there ia al'aayi a V!M-deoelop«d heart 
contitting of at least tieo chambers, 

la this division are included the following claissea :- — 

1. Lamellibranehiata, without a distinct head. 

S. Oatteropoda, 

3. Pteropoda, 



with a distinct head and a masticat«rj 
cJiSJSi., f »PI>«tata.or"o<lontophc.r..- 

Class I. Laubllibranchiata. 

These are well known as Bivalve shell-lish, suck as Mussels, 
Oysters, Scallops, &c., and they are all either marine or inhabitants 
of fresh water. They are distinguished from the other Molluscs by 
having no distinct head, and by having the body protected by a 
bivalve shell composed of two pieces. They are called Lamdlibran- 
chiata from the fact that the organs of respiration are in the form of 
leaf-like gills or branchiae, two of which (or sometimes one only) are 
placed nt each side of the body, constituting what is known in the 
oyster as the "beard." The body of the Lamellibranehiata is more 
or less completely enclosed in an expansion of the integument which 
constitutes the "mantle," and which is divided into two halves or 
" lobea," which are placed on the tides of the animal, and secrete the 
shell. The shell, therefore, of the true Bivalves is composed of two 
valves, which are "right" and "left," and not " dorsal " and " ven- 
tral " as in the Srachiopoda, Moreover, the valves of the shell are 
usually of the same size, bo that the shell is " eqiiivalve " ; and, 
lastly, the shell is more developed on one side tlian the other, ho as 
to become "inequilateral" (fig. 138), The lobes of the mantle are 
sometimes quite free along their ventral margin ; but at other 
timee they are more or less united to each other, and leave only two 
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openings. Through one of theee openings (the anterior) the " foot " 
is protruded (fig. 137, f) ; and 
through the other pass the res- 
piratory tubes or " siphons " (*). 
The foot in the Bivalves is a mus- 
cular organ developed upon the 
lower surface of the body, but 
not forming a creeping flat- 
tened disc as in the ordinary 
Univalves. In niany cases it 
is quite rudimentary ; and even 
when it ia employed in locomo- 
tion it is usually small. Most 
generally it is hatchet-shaped or 
pointed (fig, 137, /), and serves 
to enable the animal to make 
short leaps. In many cases — as 
in the common Mussels — the foot 
ia sultsidiary to a special gland, 
which secretes a viscous fluid, 
that hardens rapidly on exposure 
to the air. This fluid ia moulded 
by the foot into silky threads 
(the so - called " byaaus "), by 
means of which the shell is 
firmly fixed to some solid ob- 
ject. Besides the muscular foot, 
other muscles are present as well 
in the Laindlibraiichiata. Of 
these the most important are the 
muscles which close the shell, 
and are called (he "adductor" 
muscles. In one group of the 
Bivtdves {e.g., Oyster, Scallop, ^. 

&c.), there is only one adductor 

miisclc, but ordinarily there are ^^B- W— ^■iilon.r of >. Bivalve Moim™. 
two (lig. 138). These muscles ,jJJ ^,,,j ^^^ mantlt-lohe, and half tbe 
leave distinct scars or "muscular aiphona, ire removed. s> Besptistorf 
impressions " in the dead shell, alpUone. the .m)«a indicating the dlrec 
...... i J <. tlon of the curreDts : a a! Adductor 

BO that it IS easy to determine nmscles' 6 Gills- \ Heart- p Mouth 
how Tnany were present in any Hun-oundrd by<p) labial palpi ;/Foot; o 
given shell. The margin of the Adub; inCutedgeoftheuiantte. 
mantle, too, is muscular, and 
leaves upon the shell a distinct line where it was attached, thia' 
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being known as the " pallial line " (Lat. palUuja, a mantle), as shown 
in fig. 13a 

Ah regards tlie shell of the Bivalves the following are the chief 
poiiita t« be noticed. Each valve of the shell (fig. 138) is to be 
regarded as essentially a hollow cone, the apex of which ia turned 
more or less to one side. The apes of the valve is known as the 
" umbo " or " beak," and is turned towards the mouth of the animal. 
Consequently, the aide of the shell towards which the beaks are 
turned ta known as the "anterior" side, and it is usually much 
shorter than the opposite or " posterior " side. The side of the shell 
at which the beaka are situated is known as the " dorsal " margin ; 
and here the valves are united to one another for a longer or shorter 



Fig. 138.— Left valve oC CVtAoia ckiane <<ift«r Woodwnnl). A, Ai^t«rioi mtrgtn ; 
B, Posterior margin; CVentrsI msrgin or baae; « Uiiibo^ \ Ligament; c Oir- 
Uinal tooOi ; l< Liljinil tseth; a Anlerior adductor; a' Posterior ■dduitot! 
p Fallial line ; s Pallia] sinus csosed by tbe retnctor niDBcles ot the siphoDB. 

distance along a line which is known as the " hinge- line." The 
' union between the valves is usually effected by means of inter- 
locking parts or " teeth," and there ia often a baud of homy fibres 
passing between the two valves just behind the beaks. In many 
eases there is also a series of homy fibres placed perpendicularly 
between the beaks, so as to be compressed when the shell ia shnt. 
By the elasticity of these, and of the external ligament when pres- 
ent, the valves of the shell are opened, without any effort of the 
animal, simply by relaxing tlie adductor muscles. The valves are 
shut again by the contraction of the adductor muscle or muscles. 

As already said, the margin of the mantle leaves on the shell a 
distinct impression — the "pallial line" — and by inspection of this, 
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important concluHionB can be drawn in any given case hs to the 
mode of life of the animal. In certain ehetis, namely— (e.^., the 
ScsUop, the Fresh-water Muaael, &c.) the pallial line is unbroken or 
"entire," and in these the mantle-lobes were either quite free, or 
if attached to one another and drawn out into respiratory tubes, 
these were not fumiehed with special muscles by which the tubes 
could be retracted within the shell. In other Bivalves, on the 
other hand (fig. 138) the pallial line is indented to a greater or leBB 
extent, showing that the mantle-lobes were more or lesa united to 
one another, and were drawn out into loaig respiratory tubes or 
sii^ons, which were furnished with special muscles by which they 
could be withdrawn within the shell. This difference expresses a 
refil distinction amongst the Bivalves, due to their mode of life. In 
all alike, the respiratory organs are in the form of membranous 
leaf-like gills, of which there are usually two on each side of the 
body. The gills are composed generally of tubulai- rods (fig. 137, 6) 
richly supplied with blood-vessels, and covered with vibrating cilia. 
For the proper maintenance of respiration, however, it is necessary 
that the gills should be constantly supplied with fresh water. In 
those Bivalves in which the animal is free and the mantle-lobes 
not attached to one another, this is effected without any special 
mechanism. In those forms, however, in which the animal lives 
buried in the mud and sand, and the mantle-lobes are more or less 
completely united, there are two orifices, one of which admits fresh 
water, while the effete water is got rid of through the other. These 
orifices, in the shells just spoken of, are extended into two long 
tubes which are known as the "respiratory siphons." The water 
passes in by one siphon, is swept over the surface of the gills, and 
then reaches the mouth (tig, 137, o), when it is returned in the 
opposite direction to escape by the other siphon. The same current 
of water, therefore, both caiTies oxygen t« the gills, and serves to 
convey food to the mouth. The two siphons may be quite distinct 
from one another, but they are very often united together so as to 
look like a single tube (fig. 137, « s). They are often very small, and 
then they leave no traces of their existence in the dead shell ; but 
when they tat very long, they are furnished with muscles to retract 
them within the shell, and it is the scar left by these muscles which 
causes the pallial Une to be indented. This indentation, therefore, 
as seen in the dead shell, is an indication that the animal possessed 
long retractile respiratory siphons, and lived, therefore, most prob- ^ 
ably embedded in sand or mud. 

There is always a distinct heart (fig. 139, A) composed of two or 
three chambers, and in all cases acting as a mere arterial heart. 
That is to say, the heart propels the aerated blood derived from the 
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gilU through the body, and has nothing to do with the propulsion of 
the non-aerat«d or venous blood through the gilU. There is never 
any distinct head in any of the Bivalve*, and for thia reason they 
are Bonietimes called the "headlens" {acephalim») Molluscs, The 
mouth ia aimply placed at the anterior end of the body, and ia never 
fumiahed with teeth, though uaiially provided with niembranonB 
proceaaea or "palpi" (fig. 139, Ip). The mouth opena into a gullet 



6r 
Lumellibmii^hiats. DlBgrvnimatic repngentitioii ot the ■nstom; of a I'phoii- 
valve. Tlie left valve and left mantle-Iebe «re removed, and tlie atphonii 
ut sliurt. « Umbo; oi Cutila^^-plt ; o Mouth; fp LdtHil palpi; a 
ch, laiToiinded b; liver ; tt But contdning the crysUlltne stylot ; i i In- 
B, perrontlng tlie heart (A); r Sectnm, tennintiting In tlM inua; adAn- 
Bdduphir ; jxJ Pgatetim- addnotor ; il SnpraiMophageal or oerebral ganglion 
loitth \a a little dixplaeed upwards, ao that Uie ganglion comes to lie belov 
uUet Inateid of abiire It) : r' Parlelo-a|>liuirhnic or braneblal gannlinD ; 
t; TX Cut edge irf the tight mantle- lolie ; n Retiaetur musole of the 



which conducta to a stomach. The intestine ia convoluted, and 
usually perfonites the ventricle of the heart, ultimately terminating 
in a distinct anus, which ia alwaya placed near the respiratory aper- 
ture (fig. 139, ry A large and well- developed liver is also present. 

The nervous ayatem has its normal form of three principal masses 
— the cerebnil, the pedal, and the parieto-splanchnic ganglia. 

The majority of the Bivalve Molluscs liave the sexes distinct, but 
they are sometimes united in the same individual. The young are 
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hatched before they leave the pafent, and, when first liberated, are 
ciliated aiid free-swimming. 

The habits of the LameHibranckiata are v^ery various. Some, auch a« 
the Scallops {Pecten), habitually lie od one side, the lower valve being 
usually the deepest, and the foot rudimentary or wanting. Others 
are fixed to the bottom of the sea by the substance of one of the 
valves. Others, such as the common Mussel, are moored to some 
foreign object by a^uft of silky fibres, constituting a "byssus." 
Many, such as tlie Gapers {Mya) and Razor-shells {Solen), spend 
their existence sunk in the sand of the sea-shore or the mud of 
estuaries. Others, such as the Pholada, bore holes in rock or 
wood, in which they live. Finally, many are permanently free and 
locomotive. 

CLAaa II. Gabtbropoda. 

This class includes an enormous number of Molluscs, such as the 
Land-snails, Sea-snails, Whelks, Limpets, Slugs, Sea-lemons, &c., 
which agree in many fundamental characters, but nevertheless pre- 
sent many striking differences. From the very common occurrence 
of a shell composed of a single piece, the Gtateropoda are often spoken 
of in a general way as the " Univalve " Molluscs. In many, liow- 
ever, there is either no shell at all, or one so small that it would 
not generally be recognised as such ; and in a few {Chiton) the shell 
is composed of eight pieces (" multivalve "). In none, however, is 
the shell composed of two pieces oi " bivalve." The large majority 
of the Gatleropoda are further distinguished by the great develop- 
ment of the foot, which constitutes a broad flattened disc upon 
which they creep about, as may readily be observed in the common 
Slugs or Snails (fig. 142). Some, however, have the foot much 
modified and adapted for swimming. In many cases, also, the foot 
carries behind a homy or shelly plate which is known as the " oper- 
culum "(fig. 140, o),aiul which serves to close the shell when the 
animal is withdrawn within it 

The head in most of the Oasleropoda, unlike the Bivalves, is very 
distinctly marked out, and carries two long feelers, and two eyes, 
often placed upon stalks (fig. 142). The mouth, also, differs from 
that of the Bivalves in being furnished with a singular apparatus 
of teeth, constituting what is known as the "odontnphore" (fig. 
141), or " lingual ribbon. This consists essentially of a number of 
chitinous teeth, of different shapes in different species, supported 
upon a kind of sti^p which can be made to work backwards and 
forwards over a cartilaginous cushion, thus acting like a chain-saw. 
In addition to the odontopbore there are sometimes homy jaws as 
well. The mouth (see fig. 129) leads by a gullet into a distinct 
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Btoiuach, which sometimes is provided with calcareous plates for 
griuding down the food. The intestine is long, and always ter- 
miuates in a distinct anal aperture. Distinct salivary glands are 
usually present, and the liver is well developed. 

A distinct heart (fig. 129) is almost always present, and consists 
of two chambers, an auricle and a ventricle. Respiration is very 
variously effected — one great division being constructed to breatlie 



140.— A, Slietch or a Whelk (fluccinum uBdalum) tn motion : / Foot ; A Head, 
irrying Oie feolera (() with tha eyes (() at their bases ; p Pioboada ; t Heaplrstoiy 
phon or tube by which watet la adinbttid to the gills ; o Opcreulum. B Shell at 
le Whi-lk : a Spire \_b Body-whorl n Notch in the front mu^n of the mouth nl 
le ahell ; nt Outer lip at the mouth ot the Bbell. Thie ttgaK is half the nitutal 
ze. C, A small cluaCer of the egg.eapaulei of the whelk. <B and C are after 



air by means of water, whilst in another section the respiration is 
aerial. In the former of these — often spoken of as the " branchiate " 
Gaateropods — respiration may be carried on in three ways. Firstly, 
there may be no special breathing-organ, the blood being simply 
exposed to the action of the water, as it circulates through the thin 
walls of the mantle -cavity. Secondly, the breathing-organs may be 
in the form of outward processes of the skin, exposed to view on 
the back or sides of the animal (fig. 144). Thirdly, the breathing- 
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organs ina.y be ia the form of plume-like gills, contained in a more or 
less complete chamber, formed by a folding of the mantle (lig. 129), 
lu many members of this group the water 
attains access to the gill-chainber by means 
of a tubular prolongation or folding of the 
mantle, forming a siphon (fig. 140, «), and 
often the effete water is expelled by unother 
tube which is similarly constructed. In the 
second great section — often called the " pul- 
monate" Gasteropoda — respiration is effected 
by a pulmonary chamber or lung, formed by 
a folding of the mantle, and having air ad- 
mitted to it by a distinct aperture. 

The sexes in the Gasteropoda are mostly 
distinct, but in some groups {e.g., the Pul- Fig. ul.— Portion ot th« 
monftte forms and the Sea-slugs) they are coi^on Whelk mBim* 
united in the same individual. The young, fled (aner Woodwuii). 
when first batched, are always provided with 

an embryonic shell, which may be entirely lost in the adult, or may 
simply become concealed by a fold of the mantle. In the water- 
breathing forms the young is protected by a small nautilus-shaped 



Pig 141.— GasternpodB. The Oardiyn Biiat1(fe2{ziui)etw). 

shell, within which it can entirely withdraw. At this stage, it ia 
enabled to swim about freely by means of two ciliated lobes spring- 
ing from the sides of the head, but this ciliated " veil " is soon lost. 
As regards the shell of the Oagteropoda, the following points may 
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be noticed. The bIioU is compoBed either of a single piece (univalve), 
or of a number of plates placed one behind the other (multivalve). 

The univalve shell is to be looked upon as esaentially a hollow 
cone, the apei of whiuli is placed a little on one side. In the 
simplest forma, as in the Limpets, the conical 
shell is retained throughout life without any 
alteration. In the great Majority of cases, how- 
ever, the cone is considerably elongated, so aa to 
form a tube, which may retain this shape (as in 
the " Tooth-shell "X but which is usually coiled 
np into a spiral. The "spiral univalve" may, in 
fact, be regarded as the typical form of the shell 
in the Goiieropoda (fig. 140, B). The coils of the 
spiral are termed the " whorls," and are usually 
more or less amalgamated on one aide. In most 
cases, too, the whorls are wound obliquely round 
a central axis or pillar, increasing gradually in 
size to the mouth. The last whorl is the largest. 
Fig. 148. — Staiaria and is termed the " body-whorl." The mouth 
Grmaiandica, ■ Ho. of the shell in many forms is imbrokenly round 
vBlvfc" "' °^ " ^"^i™ " (%■ ^^^\ *"il it '8 found that most 

of these forms subsist on vegetable food, as, 
for instance, the common Periwinkles. In others, again (fig. 140, 
B), the mouth of the shell is notched or is produced into a canal, as 
in the common Whelk, and it is found that tliese live upon animal 
food, or are " carnivorous." There may be more than one of these 
canals or tubes, but they do not necessarily indicate the nature of 
the food, as their function is to protect the respiratory siphons. 

The Gasteropoda are divided into a good many groups, of which 
the more important may be briefly noticed, the foregoing applying 
chiefly to the ordinary forms, which 
therefore need no furtlier description. 
The remaining members of the water- 
breathing Gasteropods are divided 
into two sections, difiering a good deal 
from the typical forms of the class in 

Rg. 144. — N.nlibwncliiaU. DoTit many respects. 
/oAM(on(,oiieofthoSe»-loinnn8. As examples of the first of these 

may be taken the Sea-slugs and Sea- 
lemons {NudiirraTichiata), specimens of which Tnay at any time be 
found creeping about on sea-weeds, or attached to the under sur- 
face of stones at low water. These slug-like animals (fig. 144) are 
wholly destitute of a shell when fully grown, but possess an em- 
bryonic shell when young. When there are any distinct respiratory 
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oi^iina, these are in the form of gills, placed, without any protection, 
upon the back or sides of the body. The head ia furnished with 
tentacles, which do not appear to be used as organs of touch, but are 
more probably connected with the sense of smell ; and behind the 
tentacles are generally two eyes. Locomotion is effected, as in t^e 
true Slugs, by creeping about on the flattened foot. 

The last remaining group of the " branchiate " Gasteropoda is that 
of the Heteropoda (fig. 145), comprising a number of curious forms 
which are found swimming at the surface of the open sea, instead of 
creeping about at the bottom of the sea. In order to adapt them for 
this mode of life, the foot, instead of forming a creeping disc, is 
modified to form a compressed fin (/). The Heteropoda are to be 
regarded as the moat highly organised of all the Oasteropoda, at the 
same time that they are not the most typical members of the class. 
Some of them can retire completely within their shells, but others 



have large bodies, and the shell is either small or entirely absent. 
In Carinaria, which may be taken aa a good example of the group, 
there is a little limpet-shaped shell protecting the gills (6) and heart. 
The animal swims, back downwards, by means of a vertically-flat- 
t«ned ventral fin (/), on one side of which is a little sucking-dise 
((7), by which the animal can adhere at pleasure to floating sea- weed. 
Ciirinaria is found in the Mediterranean and other warm sens, and 
is BO transparent that the course of the intestine can be seen along 
its whole length. 

The last group of the class is that of the " air-breathing " Gaster- 
opods, BO well-known as Land-snails, Pond-snails, and Slugs (fig. 
146). All the members of this group are formed to breathe air 
directly, instead of through the medium of water, and they therefore 
never possess gills or branchis. In place of these they have a pul- 
monary chamber or lung, formed by a folding of tlie mantle, and 
having air admitted hi it by a round hole on the light side of the 
1} 
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neck, which cnu he opened ajid closed atvill. Though thus adapted 
for breathing air directly, many of the members of this group can 
only, live in damp or moiirt places, while others habitually live in 
fresh water. The common Pond-snails are examples of these last. 
The condition of the shell varies very much. Some, such as the 
1 Land-snails (flg. 142), have a well-developed shell within 




SoKwfttff, one of the 81i^t«. <Afler Woodwsrt 



which the animal can completely withdraw itself for protection. 
Others, such aa the common Slugs (fig. 146), have a rudimentary 
ahell which is completely concealed within the mantle. Othere are 
entirely destitute of a shell. They all agree with the typical Gas- 
teropods in creeping about on a broad, flattened foot. 



Ci_iss III. Ptbropoda. 

This claas is a very small one, and includes a number of minute 
oceanic Molluscs, often called " Winged Snails," which are found 
swimming near the surface in the open ocean, far from land, and 
often in enormous numbers. The organs of locomotion are two 
wing-like fins (fig. 14T)attached to the sides of the head, and formed 
by a modification of a portion of the foot The body is usually pro- 
tected by a symmetrical glassy shell (fig. 147, D), consisting of two 
plates united along their edges, or in other cases forming a spiral 
(fig. 147, A and C). In some, however, there is no shell, and the 
boily is quite naked (fig. 147, B). The head is rudimentary, and 
bears the mouth, which is furnished with an odontophore. The 
heart consists of an auricle and ventricle, and the respiratory organs 
are extremely rudimentary. The sexes are united in the same indi- 
vidual in all the Pteropoda. 

The Pteropoda occur, as already said, in tlie open ocean, and they 
are found in all seas from the tropics to within the arctic circle, . 
sometimes in such numbers as to discolour the water for nmny 
miles. Miimt* as they are, they constitute in high latitudes one of 
the staple articles of diet of the whale, and they themselves in turn 
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are probably camiTorDus, feeding upon mmU Crustaceans and other 
diminutive creatureia. Though all tbe Uviog Anrnw are small, Geo- 



Hg. 147. — Ptcropodo. A, Spiriallt rottraiis. B» Pneumodtrmon violactvn. C, Hetero- 
fiisvi buUninoida. Altenlarged. c Epipodlaur tins; I Tenlacks. U, Larva of 
Cltalora lajitttlata, greatly enlarged (after Fol): v Cllialed lobes; d Hnuth ; 
a Gullet; g Stomach; i Intcatine; i Shell; « Yolk-tmc 

logy leads us to believe that formerly there existed comparatively 
gigantic forms, which appear to be truly referable to this class. 
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CHAPTER XXr. 

CEPHALOPODA. 
Class IV. Cephalopoda. 

Thb last and highest class of the MoUu*ca is that of the Cephalo- 
poda, comprising the Cuttle -fishes, Calamines, Squida, snd the 
Pearly Nautilus. Thej are all inhabitaats of the sea, and are all 
caruivoroiis ; and they are possessed 
of considerable powers of locomo- 
tion. At the bottom of the sea they 
can walk alwut head downwaixls, by 
means oi the arms (fig. 146) which 
surround the mouth, which are usu- 
ally provided with numerous suckers, 
and which are really produced by a 
splitting up of the margins of the 
foot. It is from the presence of 
these arms that the class derives its 
name (Gr. ktphale, head ; and pocUi, 
feet). The Cuttle - fishes can also 
swim rapidly, either by means of ex- 
pansions of the skin constituting fins, 
or by the forcible expulsion of water 
from the cavity of the mantle, the 
reaction of which causes the animal 
to move in the opposite direction. 
The majority of the. living Cephalo- 
poda are naked, possessing only an 

Pig. H8.-Sepiola AUanHm. one of internal skeleton, and this often a 

j,jpj I rudimentary one ; but the Argonaut 

(Paper Nautilus) and the Pearly 

Nautilus are protected by an external shell, though the miture of 

this is extremely different in the two forms. 

The body in the Cephalopoda is symmetrical, and is enclosed in aa 
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integument which may be regarded as a modification of the mantle 
of the other MoUmca. Ordinarily there is a tolevably distinct divi- 
sion of the body into an interior portion, carrying the head, and a 
posterior portion, in which the aiitemal organs are enclosed. The head 
(fig. 148) is very distinct, bearing a pair of large globuUr eyea, and 
having the mouth in its centre. The mouth is surrounded by a 
circle of eight, ten, or more; long mnscular processes, or arms, which 
are generally provided with 
rows of suckers. Each sucker 
consists of a cup-shaped cav- 
ity, the muscular fibres of 
which converge to the centre, 
where there is a little mus- 
cular eminence or papilla. 
When the sucker is applied 
io any surface, the contrac- 
tion of the I'adiating muscular 
fibres depresses the papilla so 
as to produce a vacuum be- 
low it, and in this way each 
sucker acts roost efficiently as 
an adhesive organ. The whole 
of this complex mechanism of 
suckers is completely under 
the control of the animal, and 
the irritability of the suckers 
is retained even for days after 
death. In most of the Cuttle- 
fishes (Octopoda) there are 
only eight arms, and these are 
nearly similar to one another. 

In others, however (fig. 148), ng. H».— Diagmm of ■ Cntae-ddi (mltoted 
there are ten processes round fr™" Hujday): « Mandible,; n c.rebrsl 
the mouth, of which eight are cill ; ( ink-bag; /Funnel ; J lulemal skele- 
like each other, and constitute ton, or " cuttle-bone." 
the true arms, whilst two — 

called tentacles— are much longer than the others, and bear suckers 
only towards their extremities, which are enlarged and club-shaped. 
The Paper Nautilus (fig. 151) has two of the arms webbed at their 
extremities and secreting a shell ; and the Pearly Nautilus, alone 
of all living Cephalnpoda, has numerous arms, more than ten in 
number, and destitute of suckers. 

The mouth leade into a cavity containing two powerful horny or 
partially calcareous jaws or mandibles, working vertically, very like 
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the beak of a bird (fig. 149 m), together with an "odontophore" 
or "tongue," the hinder part of which ie fumiehed with recurved 
gpineB. This cavity leads by a gallet, furnished with salivary glands, 
into a stomach, from which an intestine is continued to terminate by 
a distinct anus, which opens on the ventral surface at the base of the 
so-called "funnel," The funnel is a muscular tube placed on the 
under surface of the head, and communicating on the one hand with 
the external medium, and on the other with the cavity of the mantle. 
In the Nayailus alone it is simply formed of two muscular lobes, 
which are in apposition, but are not united together so as to form a 
tube. In many cases there is also a special gland, known as the 
" ink-bag " (tig. 149, i), for the secretion of an inky fluid, which the 
animal discharges into the water, so as to enable it to escape wheii 
menaced or pursued. The duct of the ink-hag opens at the base of 
the funnel near the anus ; but the Pearly Nautilus and the allied 
fossil forms are without this means of defence, which the [iresence of 
an external shell reuders uunecessary. 

The respiratory organs are in the form of plume-like gills, placed 
on the sides of the body iu a branchial chamber, which opens in 
front on the under surface of the body. In almost all the living 
Cephalopoda, there are only two gills, one on each side, and hence 
this section is known as ^t of the " Dibraachiata." In the Pearly 
Nautilus alone there are four gills, two on each side, hence the name 
of " T^TahraiuAiata" applied to the order of which this is the only 
liviug representative. In the Cuttle-fishes, at the base of each gill 
is a special contractile cavity, called a "branchial heart," by which 
the venous blood, returned from the body, is driven through the 
gills. In addition to these branchial hearts thei'e is a true arterial 
heart, by which the aerated blood received from the gills is driven 
through the body. Tlie admission of water to the braiichiee is 
effected by the expansion of the mantle, which allows the entrance 
of the outer water into the mautle-cavity. The mantle then con- 
tracts, and the water is forcibly expelled through the funnel, which 
is often furnished with a valve, allowing the passage of water out- 
wards, hut preventing its entrance inwards. By a repetition of this 
process both respiiution and locomotion are simultaneously effected, 
for the jets of water expelled from the funnel by their reaction 
drive the animal in the opposite direction. In this case, therefore, 
as in many others, the more active the animal is, the moi-e perfectly 
is the respiratory process carried on. 

The nervous system is formed upon essentially the same plau 
as in the other MoUutca, but the great nerve-centres are col- 
lected to form a ring round the gullet, and are protected by a 
cartilage, which is to be i-egaided «a a rudimentary skull. This 
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structure, therefore, is a decided approach to the Vertebrata type of 
oi^nisation. 

The Beies in all the Cephalopoda are in different individuals, and 
the reproductive process in the Cuttle-flahes is attended with some 
singular phenomena. The moat remarkable point in this connection 
is the moditication of one of the arms of the male Cuttle-6shes, for 
the purpose of conveying the male element to the female. The 
details of the modification vary in different speciea of Cuttle-fish. 

In Borae of the Cuttle-fishes the modified arm becomes the recep- 
tacle of the spennatozoa, but is not itseU actually detached from the 
animal. In some cases, however, as in the Paper Nautilus {Ar^o- 
navta), the process goes still further. The female of this species (fig. 
151), attains a considerable size, an<l is protected by an external sbelL 



The male (fig. 150, a) is not more than an inch in length, is devoid 
of a shell, and has its third left arm metamorphosed. This arm is 
developed in a cyst, and is ultimately detached from the body, and 
deposited by the male within the mantle-cavity of the female. When 
first discovered in this position, it was described as a worm living 
parasitically on the Ai^naut, under the name of " Hectocotylus " 
(Gr. hekaton, a. hundred ; totulos, a cup), from the suckers or cups 
with which it was furnished. Subsequently it was described as the 
entire male Argonaut ; and it is only recently that it has been proved 
to be nothing more than one of the anus of the male, detached for 
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the purpose of conveying the sperm-cells to the female. For the 
above reason, the general naiue of " hectocotylua " is given to the 
detached reproductive arm of any of the Cuttle-fishes (fig. 150, 6). 

The *A«H of the Cephalopoda is aoraetimes external, sometimes 
interad. The iutemai skeleton is seen in most of the Cuttle-fishes, 
in which it is known as the "cuttle-bone" or "pen." It maybe 
either horny or calcareous, and it is sometimes complicated by the 
addition of a chambered portion. The only living Cephalopods 
which are provided with an external shell are the Fuper Nautilus 
{Argortauta) and the Pearly Nautilus (^Nautilus pompUivs); but not 
oidy is the structure of the animal different in each of these, but 
the nature of the shell itself is entirely different. The shell of the 
Argonaut (fig. 151) is coiled into a. spiral, but it is not divided into 
chambeis, and it is secreted by the webbed extremities of two of the 
dorsal arms of the female. These arms are bent backwards, so as to 
allow the animal to live in the shell ; but there is no organic connec- 
tion between the shell and the IkxIj of the animaL The shell of the 
Pearly Nautilus, on the other hand, is secreted by the mantle, and 
is organically connected to the animal. It is coiled into a spiral 
(fig. 155), but it differs from the shell of the Argonaut in being 
divided into a aeries of chambers by means of shelly partitions, 
which are connected t<^ther by a tube or " siphuncle," the animal 
itself living in the last and largest chamber only of the shelL 

The Cephalopoda are divided into two extremely distinct and 
natural orders, termed respectively iW6rancAt'a(a and Tetrabratickiata, 
according as they have tvio or four gills or brancbiw. 

The Dibranchiata comprise the Cuttle-fishes, Squids, Calamaries, 
and Paper Nautilus, and they are characterised by being almost 
invariably destitute of any external shell ; by never having more 
than eight or ten arms, which are always furnished with suckers j 
by having only two gills, which are provided with "branchial 
hearts " ; by the possession of an " ink-bag " ; and by the fact that 
the "funnel" forma a complete tube. They are divided into two 
sectio:iB — Octopoda and Decapoda — according as they have only 
eight arms (fig. 150), or eight arms with two additional longer pro- 
cesses or "tentacles" (fig. 153). Amongst the Octopoda are the 
Paper Nautilus and the Poulpes {(ktopiu). The Paper Nautilus is 
found in the warmer seas of various parts of the world, generally 
floating at the surface. The two aexea differ, as already said, 
greatly in external appearance. The female {fig. 151) inhabits a 
beautiful one-chambered cell, which is secreted by the webbed ex- 
tremities of two of the dorsal arms. The shell is not in any way 
attached to the body of the animal, but the webbed arms are turned 
backwarda, and the animal sits in the shell with the funnel turned 
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towards the keel. It swims by the jets of wiit«r- emitted from the 
funnel, and crawls upnn the sea-bottom, head downwards, carrying 
its shell on its back. The male Argonaut (fig. 150) is only about an 
inch in length, has no shell, and has all its arms alike, except the 
one which is metamorphosed into the " hectocotylus." The Poulpes 



Fig. ISl — Jrgonanlaargo, the Paper Kautilns, fenisle. Tl;e iniinal in represented In 
Ita shell, but the webbed doraal urine «re sepuraled from tho shell which they 
B8crel«, and which they otdinattl)' embrace. 

(Oclopi) are universally distributed in the seas of botb temperate 
and tropical regions. They are the " jwlypi " of Homer and Aris- 
totle, and are voracious animals inhabiting rocky shores. 

The Decapoda are chiefly found in the open sea, often in enormous 
nnrabera, and the best known are the Calamaries and Squids. The 
body is elongated, and is always furnished with lateral lins, with 
which they swim actively. The shell is internal, hidden in the 
mantle, and differs considerably in diflTerent members of the group. 
In the common Calamaries it forma a horny pefi, with a central 
shaft and two lateral eximnsiona or wings (tig. 162, 6). In the 
genua Sepia, the skeleton is calcareoua, and is sometimes called the 
"cuttle-bone" (fig. 152, a). Iti the curious Spinda of I'ecent seas, 
the shell is rolled up into an open spiral, and is divided by calcareous 
partitions into a succeaaion of chambers (fig. 152, c\ which are placed 
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end of the body (fig. 154). Lastly, in the curious extiiict group of 
the Bdemnitet, which also belong here, the elongated body was 
supported by a long dart-like internal skeleton, the chief portion 
of which conaiated of a cylindrical pointed fibrous body, called the 
"guard." In front, the guard was hollowed out into a conical 
cavity, in which was lodged a singular series of chambers, niiit«d 
by a tube or "siphuncle," and forming collectively what is called 



tiie " phragmacone." In front of that, again, the skeleton was pro~ 
longed forward into a more or leas extensively developed homy 
expansion or "pen," 

The second order of the Cepkalopoda — th&t of the Tetrabran- 
ckiata — comprises forms characterised by being creeping animals, 
protected by an exterrtal many-chambered tkell, the partitions be- 
tween the chambers being perforated for the passage of a mem- 
branous or calcareous tube, termed the "siphuncle.'' The arms are 
more than ten in number, and ai-e devoid uf suckers ; the gills are 
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four in number, two on each aide of the body ; the funnel does not 
fonott com|:4et« tube ; and there is no ink-bag. 

Though ttbundaJitly represented by many and varied foHsil forms, 
the only living member of the Tetrabranchiata with wliieh we are 
acquainted is the Pearly Nautilus, which has long been known by 
its beautiful chambered shelL The shell of the Pearly Nautilus 
(tig. 155) is coiled into a spiral, and is many-chambered, the cham- 
bers being walled off from one another by curved shelly partitions or 
septa, perforated centrally by a foramen which transmits a mem- 



.— Cephalopoda. Stpla dtf/ata. Fig. 154.— AnalomyofSptrui 



branous tube or siphuncle. The animal inhabits only the last and 
largest chamber of the shell, from which it can protrude its head at 
will. The function of the chambers of the shell is not veiy clearly 
understood ; but it appears to be that of reducing the specific 
gravity of the shell to near that of the surrounding water; mnce 
they appear to be filled with some gas apparently secreted by the 
animal. Good authorities, however, believe that these chambers 
are filled with water. The siphuncle does not communicate ui any 
way with the chambers of the shell, and its functions are also un- 
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known, except that it must certainly serve to maintain the vitahty 
of the ahell. 

Of the fossil Teirahranchiata the most important are the Ortho- 
cerata and the AmmtmiCeg. The Ortkocerata plajed a very important 
part in the seas of the Falieozoic or Ancient-life period of the earth's 
history, in which they apparently filled the place now taken by the 
predaceouB Cuttle-fishes. They agreed with the Nantilui in having 
a many-chambered shell, divided by curved partitions, perforated 
by a tube or siphuncle. The shell, however, differed from that of 
the NauHlui in not being curved or coiled up, but in being straight. 
In other nearly allied forms the shell was bent or even partially coiled 
up, but never so completely as in the true Nautili. Many of the 



Fig. las.— The Fearly Nautilus (NaHtihu pompUnn). a Mantle ; b lis dorskl fold ; 
e Hood : Eye ; I Teiiladea ; / FunoeL 

Ortkocerata were of small size, but some. of theni were colossal, sheila 
having been found of six or seven feet in length, and as thick as the 
body of a man. 

The Armnonitu (fig. 156), with a number of allied forms of varied 
shapes and beautiful structure, appear to h.ave taken the place of the 
Nautilidfe, to a great extent, in the seas of the Secondary period; 
at which time, too, Dibranchiate Cephalopoda first made their ap- 
pearance. The true Ammonites resembled the Kautihu in having 
a many-chambered shell, which was coiled up into a spiral, but the 
position of the siphiiiicle was different, and the partitions or septa 
between the various chambers of the shell were wonderfully folded 
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and lobed instead of being eiraply curved. The numerous beautiful 
ehells allied tu the Ammonites cannot be even mentioned here ; but 
it is to be remembered that they are principtdly chantct«ristic of the 



Fig. INI.— jlnnoHlto M/nmi, ^in Uie Lias. 

Secondary period in geology, and that they are hardly known as 
occurring in the older period (Palseozoic epoch) 
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CHAPTEll XXII. 
GENERAL CHARACTERS OF THE VEBTEBKATA. 

The five sub-kingdoniB which we have previously considered — viz. 
the Protozoa, Coelaiterata, Echimxiermata, Annulota, and MoUutca — 
were ^oiiped together by Lamarck into one great divieiou which 
he termed the InvertebnUa. The remaining sub-kingdom, that of 
the Vert^Traia, is so well-marked and compact a division, and its 
distinctive cbaracten are so numerous and so important, that this 
mode of viewing the animal kingdom is,-at any nite, a very conve- 

The Bub-kingdom Vert^traia includes the five great classes of the 
Fishea {PUce»), Amphibians, Reptiles, Birds {Aval), and Mammals ; 
and the name of the sub-kingdom is derived from the very genera], 
though not universal, presence of the bouy axis known as the " verte- 
bral column " or backbone. One of the most fundamental of the 
distinctive characters of Vertebrate animals is to be found in the 
toot that the main masses of the nervous system (that is to say, the 
brain and spinal cord) are completely shut off from the general cavity 
of the body. In all Invertebrate animals (fig, 157, A) the body may 
be regarded as a single tube, enclosing all the viscera ; and conse- 
quently, when a distinct nervous system and alimentary canal are 
present, these are in no way shut off from one another. The trans- 
verse section, however, of any Vertebral* animal (iig. 157, B) ^ows 
tao tubes, one of which contains the great nervous axis (»'), or brain 
and spinal cord, whilst the other contains the alimentary canal, the 
chief circulatory organs, and certain portions of the nervous Bysteni 
(n) wbicli are known to anatomists as the " sympathetic " syatem. 
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Leaving the brain and apiual cord out of eight for a moment, we see 
that the lower or visceral tube of a. Vertebrate animal containi the 
digestive canal (b), the hsnial or blood- vxjacular system (c), and a 
ayatem of nervous ganglia (n). Now this is eiactly what is con- 
tained within the visceral cavity of any Invertebrate animal ; and 
it follows from this that the " cerebro-spinal " nerve-system of the 
Vertebrala is a structure for which no precise parallel exists among 
Invertebrates. 

Another peculiarity which is present in all the Verteln-aia is, that 
at an early period of life there is developed in the lower wall of the 
tube which contains the cerebro-spinal axis a singular structure 
known as the "notochord," or "chorda dorsalis" (fig. 157, B, ch). 
This is a semi-gelatinous rod, tapering at both ends, and extending 
along the floor of the cerebro-spinal tube. In some cases the noto- 
chord remains permanently in this condition, but in most cases it is 
replaced at maturity by the bony column or backbone, from which 
the VaielM\Ua derive their name. The general structure of the 





Hf tntniverw sectinni of one of the higher InverifbrtU, 
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vertebral column will be described shortly, and it is sufficient to 
state here that it consists of a series of bony or cartilaginous seg- 
ments or " vertebree," arranged so as to form a longitudinal axis 
upon which the spinal cord is supported. It is to be remembered, 
however, that all Vertebrate animals do not possess a vertebral 
column. They all possess a notochord, but this may remain per- 
sistent throngbout life, and in many cases tlie development of the 
spinal column is very imperfect 

The skeleton of all Vertebrate animals is aUa-aal, and the muscles 
are attached to its several parta. Tlie value of this charact«r is in 
no way affected by the fact that many Vertebrates, such as the 
Tortoises, Crocodiles, and others, possess an extarnai skeleton as 
well. The limbs of Vertebrate animals are always articulated or 
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jointed to the body, and they are always turned away from that 
aide of the body (the " neural " side) upon which the great massea 
of the nervouH system are placed. The limbs may be altogether 
wanting, or partially undeveloped, but there are never more than 
ttco pain, and they always have an internal skeleton for the attach- 
ment of the muscles of the limb. 

A distinct blood-vascular or "hsemal" system is present in all 
Vertebrates, and in all except one — the Lfuicelet^there is a single 
contractile cavity or heart, furnished with valvular openings. 

Lastly, the masticatory organs of all Vertebrates are modifications 
of parts of the walls of the head, and are never modified limbs or 
hard structures developed in tlie mucous membrane of the digestive 
tube, as they are in the Invertebrates. 

The above are the leading characters which distinguish the Ver- 
tebrata as a whole ; and before going on to consider the different 
classes, it may be as well to give a short and general sketch of the 
anatomy of the Vertebrates, commencing with their bony frame- 
work or skeleton. 

The skeleton of the Vertebraia may be regarded as consisting of 
the bones which go to form the trunk and head on the one hand, 
and of those which form the supports for the limbs on the other 
hand. The bones of the trunk and head may be regarded as essen- 
tially composed of a series of bony rings or segments, arranged 
longitudinally. Anteriorly, these segments are much expanded and 
also much modified to form the bony case which encloses the brain 
and which is termed the cranium or skull. Behind the head, the 
segments enclose a much smaller cavity in which is contained the 
spinal cord, and they are aiTanged one behind the other, forming 
the " vertebral colimin." The segments which form the vertebral 
column are called "vertebne," and they have the following general 
structure. Each vertebra (fig. 158, A) consists of a central portion 
known as the " body," or " centrum " (c), placed immediately below 
the spinal cord, and giving origin to certain " processes." The ends 
of the bodies of the vertebrae are all united together in different 
ways, so as to give the column great flexibility. From the back of 
the body of the vertebra proceed two bony arches which unite 
behind and thus form with the centrum a bony canal in which the 
spinal coixl is contained. For this reason these arches (m) are called 
the "neural" arches. From the point where the neural arches 
I unite — that is to say, from the back of the neural canal — proceeds a 
long process, sometim.es cleft at its extremity, termed the " spinous 
process" (<). Springing also from each neural arch is a second 
shorter process (n) termed the "articular process," since by meana 
of these, as well as by the bodies, the vertebne are jointed or "ar- 
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ticulated " together. Also arising from tbe neural arches at their 
junction with the body of the vertebra, there may be two latetul 
processes (rf) which are called " tnuisTeise processes." This is ihe 
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oniinary structure of the vertebm of a Mammal, and the names 
here used are those applied to the parts of the vertebiu in human 



anatomy; In comparative anatomy, however, these parts have 
pivper technical names which can be employed for tlieni iu all ani- 
mals alike. 
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In tlie typical vertebra the segment ia completed by a. second 
arch, which is placed in front of or beneath the body of tlie verte- 
bra, and which ia known as the "hienial' ai'ch, as it includes and 
protects the principal organs of the blood -circulation {£g, 158, B). 
Tliis second iirch is often only recognisable with great difficulty, as 
its parts are generally much modified ; but 
a good example may be obtained in the 
human thoras. Here, attached to the front 
of the vertebrffi, we find a series of bony 
arches, known as the ribs (r), folJowed by a 
series of cartilaginous pieces of a simiUr 
i shape, termed the "costal cartilages" (p), the 

whole united in front by a centi'al bone, 
known as the breastbone or " sternum " (b). 
As a general rule, amongst the higher 
Vertebrates, the following regiotu may bo 
recognised in the vertebral column : Firstly, 
the cervical region (Hg. 159, c), comprising .i 
variable number of vertebne, which con- 
stitute the neck, and immediately follow 
the head. Secondly, the cervical region ia 
succeeded by a variable number of vertebne 
which usually carry ribs, and ar« known as 
the doriai vertebrie (d), or vertebrte of the 
back. Thirdly come certain vertebrie which 
constitute the lumbar region (I), or the 

/ region of the loins. Fourthly, there usually 

follows a series of vertebra which are im- 
movably united together to form a single 
bone, which is termed the lacrum {*). 
Fij. 160.— FoTB-iiiBb ot the jjagtlv- there comes a variable series of 
nr ^i-iole; i 8h«»4affl- vert^bne which are usually free and mov- 
blsile, or sFspnU: \ Bum able upon one another, and which con- 
ofthBiipper«nn,orhnnifr- gtitute the caudal region, or the region of 
lis; T Kniliu; « Ulna; d ,, ... , . 
Bo»«i of the -ri.1, or csr- the tail {t). 

pua ; « Bones ot the niDt The nature of the bonea which enter into 

iif the liopd, or metacirpuB : ^i^^ composition of the limbs varies somewhat 

''h iB^wa" * " "' '" different Vertebrates in accordance with 

their mode of life ; but in all the higher 

members of the sub-kingdom the limbs are built upon a general and 

easily recognisable type. The tore-limb consists generally of the 

following parts ; 1, A series of bones uniting the limb to the trunk, 

the two most important being the shoulder-blade {icapvla, fig. 160, ») 

and the coraeoid, while a collar-bone {clavkle) may also be present 
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2, The bone whicb forros the upper portion of the limb proper, and 
which is known as the kumeru* (A). 3. Two bones which form the 
middle portion of the limb (e.ff., the fore-arm in man), and which are 
known SB the radivs and wino (r and u\ of which the former ia 
the bone mainly conoemed in carrying the liand or fore-foot. 4. A 
number of small bonea, which form the wriet, and are termed the 
carput (d). 5. The cylindrical bones (usually five in number) which 
form the root of the hand, and are known as 
the metacarpu* (m). 6. The bones which fonn 
the fingers proper, and which are known as 
the phalanges (p). 

Essentially the same parts can be traced in 
the biud-limb of a typical Vertebrate animal, 
but they are known by different names. The 
bonea which unite the hmb to the trunk are 
usually more or less completely united to- 
gether, constituting a single mass, known as 
the innominaie bone (fig. 161, i). This is fol- 
lowed by a long cylindrical bone, which 
foims the upper portion of the hind-limb, 
and ia known aa the "thigh-bone," or/«a«r 
(/). Following this are the two bones of 
tjie shank, corresponding to the radius and 
ttlna of the fore-limb, and known as the t^ia 
and Jibula (t and (). Of these, the ttbia (t) 
corresftonds to the radiiu, and is mainly con- 
cerned in carrying the foot Next comes a 
series of small bonea, which form the ankle, 
and are known as the tar»ut (r). This ia 
succeeded by a series of cyliiidiical bonea 
(usually five in number), which form the 
root of the foot, and which are tenned the *''j'^| 
metalarmi (m). Finally, the metataraus i 
succeeded by the bones of the toes, which in 
this case are again termed the phalangei {p). 
In both limbs the tisnal number of phalanges 
to each toe or " digit " is three. 

The digestive system of the Vartebrata does not require a length- 
ened notice. The month is usually furnished with teeth, which 
have for their chief function the reduction of the food to a condition 
in which it can be digested. In some animals, however, such as the 
snakes, the teeth are only used to hold the prey, and not for masti- 
cation ; and in others, such as the turtles and birds, the jaws are not 
famished with any teeth at all. The food is also usually subjected 
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in the mouth to the action of a special fluid — the saliva— which acts 
chemically as well as mechanically upon the food, and which is 
secreted by special glands, known as the " salivary glands." From 
the mouth the food passes through a muscular tube — the gullet, or 
tetophagv* (fig. 162, g) — to the proper digestive cavity, or stomach 
(«). Here it is subjected to the action of a special digestive fluid — 
the " gastric juice " — and is converted into a thick pasty fluid, which 
is called chyinf. From the stomach 
the chyme passes into a long con- 
voluted muscular tube, which is called 
the "small intestine" (sm). Here it ■ 
is subjected to the action of two other 
digestive fluids, called the " bile " and 
" pancreatic juice," as well as to the 
fluids secreted by the intestine itself. 
The bile is secreted by a laige gland, 
which is known as the " liver," whilst 
■I the pancreatic juice is produced by an- 

other, termed the " pancreas," both 
pouring their secretion into the upper 
part of the small intestine. By the 
combined action of these digestive 
fluids the chyme is ultimately con- 
verted into a milky fluid, which is 
called ckgle, when it is fit to be taken 
up into the blood-vessels. The small 
intestine finally opens into a tube of 
larger diameter, which is called the 
"large intestine" {Im), and this opens 
on the surface of the body by an anal 
aperture. In the largo intestine the 
Fig. Ilia— DigfHtive ayst«m of a last remaining portions of the food 
Naimiuo. i,GuiiBtor(e«.pi..gus; „i,ich can be rendered useful are ab- 
« atoiimch ; fn Bniall [hteAttiii:; t i ■ . .1 1, 1 .1 - ,■ .-i* 

tm L»rge Intestine; r larg* in- SOrbed Uito the blood, the nidigestlble 
Irstine tennlnatiiie In iu iinsi portions being u1timal«ly got rid of as 
iwrtion, called the "70011™." useless. The fluid products of diges- 

tion {ckgle) are chiefly absorbed from 
the intestinal canal by a set of special vessels, which are pi-esent in all 
Vertebrates, and which are called the Uu^teah, from the milky fluid 
which they contain. These lacteals combine to fomi a lai^e tnmk, 
by which their contents are ultimately added to the circulating 
blood. Part of the products of digestion is absorbed by the veins 
which ramify on the intestinal canal, and which ultimately unite to 
form a great vessel, Cid led the "vena jiortiV," which goes to the liver. 
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The materials, however, which are taken up in this way also ulti- 
mately reach the circulating blood. In this wfty, therefore, fresh 
matter ia being constantly added to the blood to replace the waste 
caused by the performance of the vital functions. 

The blood ia thus formed out of the materials which are taken 
into the alimentary canal as food ; and iji almost all of the Verie- 
brata it ia of a red colour, when viewed in maaa. This is due to 
the presence in it of numerous microscopical particles, which are 
known as the " blood -corpuscles," the fluid itself being colourleea. 
In fig. 163 are represented some of the forma of blood-corpuscles 
' which are found in different divisions of the Vertebrata. 



The blood is always distributed through the body by means of a 
system of closed tubes, which constitute the " blood-vesaels," and 
with the single exception of the Lancelet, it ia always propelled 
by means of a contractile muscular cavity or "heart," The heart 
and other drciilatory arrangements differ considerably in different 
classes of the Vertebrata, but these differences will be best considered 
at a later period. Resptralum in ail the Va'tebrata is effected by 
means of disthict breathing-organs, assisted in many cases by the 
skin. In the water-breathing Vertebrates, auch as fishes, the res- 
piratory organs are in the form of gUU or branchise, which are richly 
supplied with blood, and are exposed to the influence of water hold- 
ing oiygen in solution. In the air-breathing Vertebrates, the 
breathing-oi^ane are in the form of laaffi. These essentially consist 
of ceLular or spongy organs, placed in the cavity of the chest, richly 
furnished with blood-vessels, and receiving constant supplies of fresh 
air by means of a tube which opens in the throat and is known as 
the "windpipe," or trachea. In the higher Vertebrates the heart 
becomes a double organ, one side being concerned wholly with 
driving the impure [venoui) blood to the lungs, whilst the otiier aide 
propels the pure oxygenated {arterial) blood to all parts of the body. 

The waste substances of the body — of which the most important 
are wafer, carbonic addy and the peculiar substance called urea — are 
got rid of by the skin and lungs, but principally by two glands which 
are called the indnei/i. The excretion of urea from the body, aaagen- 
eral rule, is wholly effected by means of the kidneys alone ; and this is 
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their moat important function, as the retention of this substance 
within the body rajHdIy causes death. The secretion of the kidneys 
is sometimes got rid of by means of special canals appropriated to 
this alone ; but in the lower Vertebrata it is discharged into the 
hinder extremity of the alimentary canal, and is evacuated along 
with the undigested portions of the food. 

The nervous tyttem variea greatly in its development in the Verte- 
brata. In the little fish called the Lancelet, the main mass of the 
nervous system consists of a cord of nervous matter, representing the 
spinal marrow, but not having in front any enlargement which repre- 
sents the brain. In all the other Yertebrata the central masses of 
the nervous system (termed the cerebrospinal axis) consist of a nerv- 
ous cord (the spinal cord) contained in the canal formed by the 
neural arches of the vertebraj, and of an anterior mass of nervous 
matt^-, which is protected by the skull, and is termed the "enceph- 
alon," or brain. The size and development, however, of the brain 
vary enormously in different Vertebrates ; and in the lower forms 
the brain is little more than an aggregation or collection of nervous 
masses or " ganglia," of which some are connected with the special 
senses, sight, hearing, taste, and smell, special organs for which are 
present in almost all the V^tebrata. 

Reproduction in the Vertebraia is always truly sexual, the sexes 
are almost always iu different individuals, and in no case are com- 
pound organisms produced by a process of budding or fission. Most 
are ovipaiy»i$, producing eggs from which the young are developed. 
Some retain the eggs within the body till the young are hatched, but 
no direct connection is established between the young animal and 
the parent ; and these are sometimes said to be oeo-viviparovji. The 
higher Vertebrates, however, bring forth their young alive, and are 
said to be vivipoToui {Latin, vivui, living ; and pario, I bring forth). 

PniHARr Divisions op the Vbrtbbrata.— The Vertebrata are 
variously divided into great primary sections by different writers, 
and all of these divisions have more or less merit. Here, however, 
the classification proposed by Professor Huxley will be followed, and 
it is not necessary t» enter into any consideration of the others. It 
has also been thought advisable to give in this place a brief account 
of the leading characters which separate these divisions from one 
another, though it is not to be expected that the learner will be able 
to appreciate the full value of these characters till he has completed 
his study of the Yartebrata as a whole. 

The Vertebrata are divided by Professor Huxley into the following 
great divisions : — 

I. IcHTHTopeiDA (Or, ichtkui, a fish ; and optit, appearance). — In 
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thiasectionareiacludetl theFiahea(Cla«8i'MC««),and theFrogH,Newt8, 
and their allies (ClaBH Amphibia). They are all characterised by the 
fact that they possess gills or branchise, either throughout life or 
during the earlier stages of their existence ; that they possess nu- 
cleated red blood - corpuscles (i.e., blood-corpiwcles with a centj^ 
particle or nueleut, fig. 163, d, e\ and by certain embryonic charac- 
ters as well. From ti»e temporary or permanent possession of gills 
they are often spoken of as the Brtmchiate Vertebrates. 

II. Satiiiofbida (Gr. eaura, a lizard ; and optii, appearance). — In 
this division are the Birds (Class Aoes), and the tnie Reptiles (Class 
Reptilia). They are characterised by the fact, that at no time of 
their life are they ever provided with gills ; that the skull is jointed 
to the vertebral column by a single articulating surface (or condyle) ; 
that the lower jaw is composed of several pieces, and is united to the 
skull by means of a special bone (called the o» quadratum) ; that 
they possess nucleated red blood-corpuscles (fig. 1<I3, b, c), and by 
certain embryonic characters as welL 

III. Hahmalia (Lat manima, the breastX^In this division are 
all the ordinary Quadrupeds ; characterised by the constant absence 
of gills ; by the skull being jointed to the vei-tebral column by two 
articulating surfaces (or condyles) ; by the fact that the lower jaw is 
composed d only two pieces, and is not united to the skull by means 
of a spetnal bone (the quadrate bone) ; by having non-nucleated red 
blood-corpuscles (fig. 163, a) : and by having special glands—the 
mammary glands — which secrete a special fluid — the milk — by 
which the young are nourished for a longer or shorter period after 
birth. 

These three primary divisions comprise the five great classes into 
which the Vertebmta are divided : — 

1. Pucei (Fishes). 

2. Amphibia (Frogs, Newts, &c.) 

3. Septilia (True Eeptile«) 

4. Avei (Birds). 

5. Mammalia (Quadrupeds). 
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ICHTHY0P8IDA. 

CHAPTER XXIII. 

CLASS I. PISCES. 

The fishes form the lowest claea of the Verltbraia, and thej may be 
broadl3r defined as being Vertebrate animals provided witk giU*, 
whereby they are enabled to breathe air dissolved in water ; the 
heart, when present, cotmeti of a lingle auricle and ventricle (with 
the exception of the Mud-fiahes); and the limb», when present, are 
in the form of fiia, or expansions of the integument. 

In their external form, fishes are in most cases adapted for ra.pid 
locomotion in water, the shape of 
the body being such as to cause the 
leaat possible friction in swimming. 
To this end, as well as for purposes 
of defence, the body is generally 
enveloped in a species of chain-mail 
formed by overlapping scales, to 

which bony plates, tubercles, and 

J-— ^^^ spines are sometimes added. Val- 

S^VMH^ uable characters can sometimes be 

'' drawn from the nature of the scales ; 

^11^^ and with a view to this, the iiitegu- 

VI^ e mentary appendages of fishes have 

d^f been divided by Agassiz as follows 

Fig. lM.-S0Htes at dlOfeiHit fiahe-. (fig- 164):— 

o Cyeiotd ecsie (P*e); b Glenoid 1. Cycloid scales (o), consisting of 

«<ak(Pereii):ePiacoidHqaie(Tiio™- diji, flexible, horny scales, which 

Ganoid scales (Potemimir.) ""^ Circular or elliptical m shape, 

and have a smooth outline. These 

scales occur in most of our common fishes {e.g., the Pike). 

2. Ctenoid scales (6).— These resemble the cycloid scales in being 
thin, flexible, horny scales, but they are distinguished by having 
their hinder margins cut into comb-like projections, or fringed with 



spinea. The common Perch supplies a. good example of these 

3. Placoid scales (c, d). — These are detached bony grains, tubercles, 
or plates, scattered through the skin, and sometimes armed with 
projecting spines, these latter being usually composed of a substance 
allied to dentine. 

4. Ganoid scales (e), composed of a layer of true boue, covered by 
a layer of hard poliahed enamel. ^Tbese scales are usually much 
thicker and larger than the ordinary scales ; they aa'e often oblong 
or rhomboidal in shape ; they are often connected together by little 
processes; and they generally are in contact by their edges, but 
rarely overlap one another. 

In most fishes there is also to be observed a line of peculiar scales, 
forming what is called the "lateral line." Each of the scales of this 
line is perforated by a minute tube, which leads into a longitudinal 
canal, supplied with special nerves ; and the whole apparatus has 
apparently a sensory function. 

As regards the true internal skeleton, fishes diiTer very widely 
from one another, but the skeleton is so complicated that only a 
few of the most important points can be mentioned here. In one 
fish — the Laucelet — there can hardly be said to be any true skeleton, 
the vertebral column being represented permanently by the semi- 
geUtJnoua notochord (fig. 171). In others, such as the Lampreys, 
Sturgeons, and Rays, the skeleton remains permanently in the con- 
dition of gristle (cartilage) ; in others, it is partially cartilaginous and 
partially ossified ; and lastly, in moat modem fishes it is completely 
converted into bone. The vertebral column in a Bony Fish consists 
of a number of vertebra which are hollow or cup-shaped at both 
ends (biconcave or " amphico^oua "), the cup-like margins being 
united together by ligament* The cavities formed by the apposi- 
tion of the vertebrsB are filled with the gelatinous remains of the 
notochord. This gelatinous elastic substance acts as a ball-and- 
socket joint between the vertebrse, thus giving the whole spine the 
extreme flexibility which is essential to animals living in a watery 
medium. The entire spinal column is divisible into no moi-e than 
two distinct regions, an abdominal and a caudal. The abdominal 
vertebrse possess a superior or neural arch, for the passage of the 
spinal cord, a superior spinous pi'ocess, and two transverse pi'ocesses 
to which the ribs are attached. The caudal vertebrie have no marked 
transverse processes ; but, in addition to the other parts already 
mentioned, they give off an inferior or hmnal arch, bdow the body 
of the vertebrie, and they cany inferior tpvamit processes (fig. 165, 
A). The ribt are attached to the transverse processes or to the 
bodies of the abdominal vertebree (fig. 165, r) ; and tbey do not 
11 I 
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enclose any thoracic cavity, or protect the organs which are usually 
contained in the chest — namely, the heart and breathing-organs. 
Hie antetior or lower ends of the ribs of fishes are free, or are 
rarely united to hard productions of the integument ; but there is 
never any breastbone or itermim properly so called. 

The only remaining bones of the tniiik proper are the eo-called 
" interepiiious bones" (fig. 165, H). These are a series of pointed 
dagger-like bones, embedded in the middle line of the body, between 
the great lateral muscles which form the greater part of the body of. 
a lish. The inner ends or points of the interspiiious bones are at- 
tached by ligament to the spinous processes of the vertebrfe, and at 
their outer ends they support the framework (rays) of the so-called 
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"median" fins. As a rule there is only one interspinons bone to 

each vertebra, but in the Flat-fishes (Sole, Turbot, &c.) there are two. 
The limba of ti.shea may be wholly wanting, or one pair may be 
absent, but in no case is the number greater than the regular Verta- 
brate type — namely, two pairs. When developed, however, the 
limbs of fishes are very ditTerent fi'om those of other Vertebrates, 
consisting of expansions of the integument, furnished with bony 
or gristly supports or rays, and thus constituting what are called 
"fins" (fig. 166). The pair of limba which correspond to the arms 
of man and to the fore-limbs of other Vertebrates are termed the 
pectoral flns, and they are attached to a bony areh which is attached 
either to the back of the the skull or to the spintd column (fig. 165, 
p, and 166, p). The hind-limbs in fishes are known as the ventral 
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fina(figs, 165, 166, v),'and are not only oftea wanting alW)gether, 
but when present are less developed than the pectorals and less fixed 
iu their position. They are united to an imperfect bony arch, which 
represents the innominate bones, or pelvic arch, of the higher Verte- 
brates, but which is never joined to the spinui column. In some 
lisbes the ventral fins are placed far back, and in these the bony 
arch wliich supports them is freely suspended in the muscles. In 
others the ventral flns are altogether out of position, and are placed 
beneath or even in front of the pectoral fins ; and iu these cases the 
pelvic arch is attached to part of the pectoral arch. The pectoral 
and ventral fins represent, as just said, the fore and hind limbs, and 
consequently there are always Iwo of each, when they are present at 
all. They are therefore spoken of as the "paired" fins. Besides 




Fig. IM.— Ontlino o( 
flns. p r 
Caudal fli 

these, however, or in the absence of one or both of these, there is 
also a series of what are called " median " fina ; that is to say, fins 
which ai-e placed in the middle line of the body, and which are un- 
paireH, having no fellows. These median fins agree with the paired 
fins in being expansions of the integument, supported by bony or 
gristly supports or " rays," and they are carried by the heads of the 
" interspinous" bones, already described (fig. 165, t i). Tliey are 
variable in number, and in some cases there is only a single fringe 
running round the hinder extremity of the body. Commonly, how- 
ever, the median fins consist of one, two, or three expansions of the 
dorsal integument, called the " dorsal " fins (fig. 165, d if) ; one or 
two on the ventral or lower surface near the vent, called the " anal " 
fins (a) ; and a broad fin at the extremity of the vertebral column, 
constituting the " caudal " fin or tail (c). 
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The tail in all fishea is placed verticaliy— that is to say, it atrikes 
the water laterally or from aide to side, and it is the chief oi^an of 
pTOgreBsion in the (ish. Two very distinct types of tail are found 
araongat the fishes. In one of these, found in most living forms, 
the tail is composed of two nearly equal lobes which spring from the 
end of the spine (fig, 167, A). This form of tail is said to be " homo- 
cereal." In the other type of tail, found in the Dog-fistieB, Sharks, 
and other living fishes, as well as in many extinct forms, the tail is 
unequally lobed, and is said to be " heterocercal " (fig. 167, B). In 
these forms the vertebral column is prolonged into the upper lobe 
of the tail, and the greater portion of the tail is found below the 

In both the paired and the median fins the integiunewt is sup- 
ported by a series of spine-like bones, which are called "rays." 




These rays are sometimes mmple undivided rays or epinea, when 
they are called "spinous rays" (166, d) ; but in other cases they are 
both divided by transverse Joints, and split up into numerous lon- 
gitudinal blanches towards their extremities, when they are spoken 
of as " soft rays " (165, fif ). The soft rays occur in n\any fishes in 
different fins, but they are invariably present in the caudal tin or 
tail 

As r^ards the digestiiie lystem in fishes, the mouth is usually 
furnished with a complicated system of teeth, developed not only 
upon the jaws, but upon any or every bone which enters into the 
composition of the oral cavity. The gullet opens into a stomach, 
usually of large size, and its hinder aperture (the pi/lorug) is usually 
furnished with a valve. Immediately behind the pyloric opening 
of tlie stomach there is usually a variable number of blind tubes 
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(called the " pyloric caeca ") which open into the intestine, and which 
are believed to represent the pancreas. In rome iishee, however, 
there is a well-developed pancreas, and in others even these tubes 
are wanting. The intestinal caual is a longer or shorter, more or 
leas convoluted tube, and its absorbing surface is sometimes largely 
increased by a spiral folding of the mucous membrane, which winda 
like a screw in close turns from near the pylorus to the anus. The 
liver is usually of large size, and saturated with oil, but in the 
Lancelet it is doubtfully represented by a hollow sac-like organ. 
The kidneys in fishes are of great comparative size, forming two 
elongated organs, situated beneath the spine, and extending along 
the whole length of the abdomen. 
Bespiration in all fishes is aquatic, and is effected by means of 



Fig. IflS.— Gills anil heart of the Perch enpnscd hTtheremoral of the gillcflveron the 
leftside, a Flrat iif the four boiiy archex which carry the |ii1lB(b»; 6'The lower 
edges of the gills uu Clie right aide ; k Heart. (After Van der Hoeven.) 

gills or bra7i£hi(e, in all except the Lancelet, in which respiration is 
effected by branchial filaments placed round the pharynx, and also 
by a greatly developed pharynx perforated by ciliated apertures 
(fig. 171). The arrangement and structure of the gills in fishes vary 
a good deal in different orders, and the leading modifications will be 
noticed hereafter. In the meanwhile it will be sufficient to give a 
short description of the branchial apparatus in one of the Bony 
Fishes. In such a fish the gills consist of a single or double series of 
flat cartilaginous leaflets, covered by mucous membrane, richly sup- 
plied with blood, aiid arranged on bony or cartilaginous arches which 
are connected witK the tongue-bone Qiyotd bone) below and with the 
under surface of the head above (fig. 168). The branchial arches 
and branchire are susjiended in cavities placed on the side of the 
neck, and in the ordinary Bouy Fishes there is only one such cavity 
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on each Hide. The water is taken in at the mouth by a process 
analogous to swallowing, and it gains admission to the branchial 
chambers bj means of a series of clefts or slits which perforate the 
siiies of the pharynx. Having 
passed over the gills and lost 
ifa oxygen, the effete water 
makes its escape behind by 
an aperture called the " gill- 
slit," which is placed on the 
side of the neck.. The open- 
ing of the gill-slit is closed ia 
front by a, chain of flat bones 

which constitute the " gill- 
**■ cover," and by a membrane 

ox which is supported upon a 

variable number of slender 
bony spines. This is the gen- 
*'* eral mechanism of respiration 

in one of the Bony Fishes, but 
different anungements are 
found in other cases, which 
will be subsequently noticed. 
The heart in flshes may 
be regarded as essentially a 
branchial or respiratory heart, 
being concerned chiefly with 
driving the venous and im- 
pure blood to the gills. It 
consists ill almost all cases of 
two cavities, an auricle and 
Fig. liie.-Diag™in of tJie clreuJatorjr ai-sttm a ventricle (fig. 189). The 

ous blood which has passed 

through all the various parts 
of the body, and propels it 
into the ventricle (v). From 
the ventricle proceeds a single 
gi'eat vessel (the "branchial 
artery"), the base of which is 
usually developed into a mus- 
cular cavity, the "bulbus arteriosus" («6), which acts as a kind of 
additional ventricle. By the ventricle and hjilbue artertogia the 
venous blood is ilrivcii to the gills, where it is subjected to the 
action of the water. Tlie aerated blood is not returned to the 
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heart, but ia driven from the gills through all parts of the body, the 
propulaive force neceaaary for thia being derived partly from the 
heart, and partly from the eontractiona of the muacles betweeo 
which the blood-veaaela pass. The essential peculiarity of the circu- 
lation of iiahes consists in this, that the arterialised blood returned 
from the gills is propelled through the general vessels of the body 
(systemic vessels) without being sent back to the heart. In the 
Lancelet, alone of all £shes, there is no single heart, and the circu- 
lation is effected by meana of contractile dilsitationa situated upon 
aevera! of the vessels. In the Mud-fiahea (Lepidoiiren and Cera- 
todm) the heart consists of two auricles and a ventricle. In all 
cases the blood is cold, or, in other words, has a temperature very 
little, or not at all, higher than that of the surrounding medium. 
The red blood-corpuscles (fig. 163, e) are always nucleated, and are 
oval in shape. 

Whilat the respiration of all fishes is truly aquatic, most are, 
nevertheless, fumiahed with an organ which apparently corresponds 
to (or is homologout with) the lungs of the higher Vert^hrata. This 
is known aa the "air-" or "swim-bladder," and is a aac filled with 
gas and aituated between the alimentary canal and the kidneys. In 
moat cases the sac contains only a single cavity, but in many 
instajices it is variously divided by partitions. In moat fresh-w»t«r 
fishes the gases in the swim-bladder are mainly composed of nitro- 
gen, but in the sea-fiahea it is chiefly filled with oxygen. The aac 
of the awim-bladder is often closed, but in other cases it opena into 
the gullet by meana of a duct which corresponds to the windpifie. 
In the great majority of fishes the functions of the air-bladder are 
mainly hydroatatic — that is to say, it serves to maintain the neces- 
sary agreement between the specific gravity of the fish and that of 
the surrounding water. In the singular Mud-fiahea (Lepidotirvn 
and Ceralodut), the air-bladder ia composed of two distinct aaca, 
divided into a number of cellular compartments, and opening into 
the gullet by a tube. In these fiahea it acts as a respiratory organ, 
and is therefore, not only in structure, but also in function, the 
PBjMesentative of the lunga of the other Vertebrates. 

The nervoua syatem of fishes ia of an inferior type of organisa- 
tion, the brain being of comparatively small size, and consisting of 
a collection of ganglia. As regards the organs of the senses, two 
peculiarities deserve notice. In the first place, though fishes possess 
the essential parts of the organ of hearing, they possess no external 
ears, and mostly no external auditory opeuinga. In the second 
place, the organ of smell consists of a double cavity lined by a 
mucous membrane folded into numerons plaits, into which water 
is admitted, usually by two distinct apertures or nostrils. Behind, 
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howerer, the naaal sacs are closed, &nd they do uot communicate 
by any aperture with tlie throat, as they do in all the higher Ver- 
tebrates. The only exceptions to this rule are the Hag-tiahea and 
their allies (Myxinoidi), and the Mud-fiahee {Lepidoairen and Cerato- 
daa). The Hag-fishes and Lampreys are further peculiar in pos- 
seaaing, alone of all Vertebmte aninialB, a single nasal sac, opening 
by a single external nostril. 

As regards their reproductive system, moat fiahea are truly ovi- 
parout, and the ovariea are familiarly known as the " roe." Some 
fishes are or o- viviparous, retaining their eggs within the body till 
the young are hatched. The male organs of reproduction are com- 
monly spoken of as the " milt " or " soft roe." 
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CHAPTER XXIT. 
OEDEES OF FISHES. 



Thb number of different kinds of fiahes is so enonnouH that nothing 
further will be attempted than merely to give an outline of the 
leading peculiarities wliich distinguish the different orders. The 
clas8ificatioa here adopted is the one now most usually followed, bj 
which the clasa Pime» ia divided intjj the following sii orders : — 

1. Pharyngobranckii. 

2. Marsipohranddi. 

3. Teleostei. 

4. Uanoidei. 

6. Elamwh-anckii. 
6. Dipnoi. 

Order I, Pharyngobranchii. 

This order of fishes includes only a single animal, the anomalous 
Ampkioxua, or Lancelet, the organisation of which differs in almost 
ail its impoitant points from that of all the other members of the 
class. In fact, the Lancelot presents us with the lowest type of 
organisation as yet known in the Vert^ata. The Lancelet (fig. 1 70) 



Fig. 170.— Fhitrfngobranchti. The Idncelet (Amphiaivi lonaolalia), enluged. 

is an extraordinary little fisli, from one and a half to two inches 
long, which burrows in sand-banks in various seas, but is especially 
abundant in the Mediterranean. The body is lanceolate in shape, 
and is provided with a narrow membranous border, of the nature 
of a median fin, which runs along the whole of the dorsal and a 
portion of the ventral surface, and expands at the tail to form a 
lancet-shaped caudal fin. There are no true "paired" fins, repre- 
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senting the fore and hind limbs. The mouth is a longitudinal 
fissure, placed at the front of the head, and completely destitute of 
jaws, but surrounded hy a number of cartilsigiuous filameuts. The 
throat is provided with several leaf -like fibuueiits which are richly 
supplied with blood, and are believed to discharge in pai-t the function 
of gills. The mouth (lig. 171, o) opens into a <lilated chamber, which 
is considered to represent the pharynx, and is termed the phatyngenl 
or " branchial " sac. The walla of this chamber (b) are strengthened 
by numerous cartilaginous filaments, between which is a series of 
transverse slits or clefts, and the whole is covered with a richly cili- 
ated mucous membrane. The function of this sac is clearly respim- 
tury, the water from without being admitted through the mouth, 
passing through the branchial clefts into the abdominal cavity, and 
finally escaping by means of an aperture placed on the ventral sur-- 
face a little in front of the anus. From the hinder end of the 
branchial sac proceeds the alimentary caual, which has appended to 




it a sac ■ like organ believed t« represent the liver, and which 
terminates behind in a distinct anal aperture. There is no heart, 
and the circulation is entirely effected by means of several con- 
tractile dilatations, developed upon the great blood-vessels. The 
blood itself is colourless. No kidneys have hitherto been dis- 
covered, and the reproductive elements are emitted into the abdom- 
inal cavity, from which they escape by the pore placed upon the 
lower surface. 

There ia no skeleton properly so called. The notochord (n.) ■ 
remains throughout life as a semi - gelatinous rod, enclosed in a 
membranous sheath, and supporting the spinal cord. There ia no 
skull, and the spinal cord does not expand in front t^> form a dis- 
tinct brain or encephalon. The brain, however, may be said to be 
represented, as the front portion of the nervous axis gives off nerves 
to a pair of eyes, and another branch to a ciliated pit, which is be- 
lieved to be a rudimentary organ of smell. 

- - Joosic 
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Ordbk II. Mabsipobranchii. 

This order incluilea the Hag-IUhes [AfyxinitUe) and the I,ampreyH 
{Petromyzonida), and it ie defined by the following characters : Tha 
body is cylindrical and wonn4ike, and is destitute of limbs. The 
skull is cartilaginous, there ia no lower jaw, and the notochord re- 
mains through life. Tlie month is circular and cup^like. The heart 
is composed of an auricle and a ventricle, but there is no bulbus 
arterioem. Tlie gills are pouch-like, communicating with the throat 
on the one band, and opening externally on the other by means of 
apertures placed on the sides of the neck, or on the ventral surface. 

The Hag-fish (Jfyxine) is an eel-like fish (fig. 172, A), which 
agrees with the Lampreys in having neither pectoral nor ventral 




FiR. 17!.— Horphology of HarBipobnnchU. A, Mt'i't gUUjiaa, the Hiis-fl«1i, 
ing ths Bu<:k«r-1ike month, ind \he two ventnl openfngs (1) b; whicli tiir 
ewape» from the gilia. B, The Blvcr Lamprey or IiRip«rn(P«roiiii(mn/KnIt 
flhowlDg tfie wen br^nchUl iportuTea on tha iJde of the neck. 



fins, the representatives of the fore and hind himbs. The mouth is 
of a very remarkable character, and enables the Hag-fish to lead a 
very peculiar existence. It is generally found embedded in the 
interior of some large fish, iiito which it lias penetrated by means 
of a single serrated and recurved fang attached to the centre of the 
palate, llie mouth itself is destitute of jaws, and formK a sucking 
disc or cup. Another remarkable peculiarity of the Hag-fishes is 
found in the structure of the nose. In all fishes, namely, except 
these and the Mud-fishes {Lepidotiren. and Ceratodui), the nasal 
chambers are closed behind, and do not communicat* with the 
cavity of the mouth, as they do in the higher Vertebrates. In the 
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Myxinoida, however, such a commimication does exist. The nasal 
sac is placed in communicatioD with the throat (pharynx) by means 
of a canal which perforates the palate. A second canal leads from 
the nasal cavity in front to open by an extem&l aperture (the nostril) 
on the top of the bead beliind the mouth. 

Another peculiarity, which ia beat considered in the Laiupreya, is 
to be found in the structure of the respiratory organs, from which 
the name of the order is derived. When viewed externally, instead 
of the single great "gill-slit," covered by a "gill-cover," as seen in 
the ordiuary Bony Fishes, the side of the neck presents seven round 
holes placed far back in a line on each side. Tliese holes are the 
externa! apertures of the gilla (fig. 172, B), which in these fishes are 
in the form of sacs or pouches, the lining membrane of which is 
thrown into numerous folds or plaits, over which the branchial ves- 
sels ramify. Internally the sacs communicate with the cavity of 
the pharynx, by means of a coninion respiratory tube into which 
they all open. It follows from this arrangement that the gill- 
pouches on the two sides of the neck communicate freely with one 
another through the pharynx. The object of this arrangement is to 
obviate the necessity for admitting the water to the gills through 
the mouth, as ordinary fishes do. These fishes are in the habit of 
fixing themselves to foreign objects by means of the suctorial 
mouth; and when in this position, it is, of course, impossible that 
they can obtain the necessary water of respiration through the 
mouth. As the gill-sacs, however, on the two sides of the neck 
communicate freely with one another thi-ough the pharynx, water 
can readily pass in and out. The gills are not-provided with cilia, 
but the circulation of water is assisted by a kind of elastic cartilag- 
inous framework ujKia which the whole respiratory apparatus is 
supported, and which acts somewhat like the ribs of the higher 
Yertebrates. 

In the Hag-fishes, the structure of the respiratory oi^ns is essen- 
tially the same as in the Lampreys ; but the giU-pouches on each 
side are connected with a common tube, each of which opens on the 
ventral surface of the body by a small aperture placed at a consider- 
able distance behind the head (fig. ITS, A). 

The Lampreys are distinguished from the Hag-fishes, not only by 
having separate and laterally placed apertures to the gill-pouches, 
but also by the fact that the nasal sac does not open behind into 
the throats Some of them are inliabitants of rivers; but others 
live in the sea, and, like the great Sea-lamprey {Petroaiyzon mari- 
nus), betake themselves to fresh waters for the purpose of spawning. 
The young live in rivers, and pasa thl'otlgh a curious metamorphosis. 



Order III. Teleostbl 

The fishes compriied in this order, tm implied in their name, have 
a. well-offiified or bony ekeleton, and they are commonly known an 
the " Bony Fishea." In all the TeUostei, the skeleton ia bony, the 
skull ia conipoaed of distinct bones, and there ia a lower jaw. The 
vertebral column always consista of more or less completely ossified 
vertebne ; and the two pairs of limbs, when present, are in the form 
of fins, supported by rays. The gills are free, comb-like or tufted 
in shape, and always protected by a bony gill-cover. The halbat 
a,rterioMf» is not capable of regular contractions, and ia separated 
from the ventricle hy only a single pair of valves. 



h (PercafvviixtitU). Qill-uiver, with the gill-Bllt behiiid 
<l flna, the left; s The ten ventral An ; il The tint doml 
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The oi'der Teleoitei comprises almost all the most familiar fishes, 
and it will be unnecessary to dilate here upon their structure, aa they 
were taken as the type of the class in describing the tiahea generally. 
It may be as well, however, to recapitulate some of the leading points 
in the anatomy of the Bony Fishea. 1. The shd,eton is always more 
or less completely ossified, and doea not remain cartilaginous through- 
out life. The notochord ia not permanent, and the vertebral column 
consists of a number of distinct vertebra;. The vertebrfe, however, 
are " ampbicteloua," or hollow at both ends, so that there ia left 
between each pair a doubly conical cavity, which is filled with the 
cartilaginous or semi- gelatinous remains of the notochord. In this 
way an extraordinary amount of flexibility is given to the entire 
Tertebrol column. In no fish (except the Bony Pike, which belongs 
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to another order) is the conversion of the bodies of the vertebra into 
bone carried further than this. 

2. The iiitegumeiit usually develops scales, and these in the great 
majority of cases are of the forms known as "cycloid " and "ctenoid," 
the former being circular or elliptical homy plates, with plaiu mar- 
gins ; whilst the latter have their hinder margins cut into comb-like 
projections or fringed with spines (fig. 164, a, b). 

3. The anterior and potterior liml/» (fig. 174) are usually, but not 
always, present, and when developed they are ajways in the form of 
fins. These flns may be sujiported by "spinous rays " or "soft rays," 
or by both. The Bpinous rays are simple undivided bony spines 
which taper to a point. The soft rays are doubly divided, splitting 
up towards their extremities into a number of secondary rays, 
and being also divided by transverse joints into numerous short 
pieces. 

4. Besides the " paired " fins which represent the limbs, there is 



Fig. 171.— The Cod (Carliu morrft™). 

also a series of unpaired or " median " fins, the rays of which are 
supported upoii a series of dagger-shaped bones, deeply plunged in 
the flesh in the middle line of the body, and known as the " inter- 
Hpinous " bones (fig. 165). The median fins (fig. 174) are variable in 
number, but when fully developed they consist of one to three fins 
on the back (the dorsal fins), one or two on the ventral surface (the 
anal fins), and one clothing the posterior extremity of the body (the 
caudal fin, or tail). In all the Teleostei, the caudal fin has the shape 
called " homocercal "— that is to say, it consists of two equal lobes 
—and the vertebral column is not prolonged into the upper lobe 
(fig. 174). 

5. The heart consists of two cavities, an auricle and a ventricle, 
but the hillrut arteriomn is not rhythmically contractile, and ia 
separated from the ventricle by only a single pair of vaJves. 

6. The reapiratoty organs are in the form of free, comb-like, or 
tufted gills, enclosed in two cavities placed on the sides of the neck. 

- - Cooslc 
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Each of these branchial chambers opens externally by a single aper- 
ture, the "gill-slit," which is protected by a clmiii of bones, forming 
the "gill-cover," and by a membrane supported by hony rays. In- 
ternally the branchial chambers communicate with the throat by a 
aeries of clefts or fissures, and the water required in respiration is 
taken in at the mouth by a process analogous to swallowing. 

7. The nasal sacs never communicate behind with the throat 
(pharynx). 

Tabdlar View of the Maih Divisions of the Tbleostei. 

Sub-order I, MiLACOPTBBl. — Usually a complete series of fin npp teit 
by raya, all of whicli are soft, or many-jointed (with the occasional ei[ pt n 
o! the first rays in the dorsal and pectoral fins). A awim-blald always 
present, ami is alivaya connected with the gnllet bya dnct. The slim is rarely 
naked, and ia mostly furniahed with cycloid acales, bnt aometimea ganoid acalea 
are preaent. 

Amongst the more imjiortant familiea in this sub-order are the Be's {Mttrae- 
nida), Herringa (Clupeida), Pikes {EaoddiE), Carp {Cyprinidce), Salmon and 
Tront (Salmimidit), and Sheat-Hshea (mUrida). 

SuB-ORDKH II, Anacanthini.— Fins entirely supported by soft rays, and 
never by apinous rays. Ventral flna either wanting or place<l ander the throat, 
beneath or in advance ot the peclorale. 

The two leading families in this sub-order are the Cod, Ling, and Haddock 
family {Gadida). and the Flat-Ashes [PUitronectida], comprising the Sole, 
Tiirbot, Flounder, and others. 

SUB-onDER nL ACANTHOPTFlii.— Fina with one or more of the first rays in 
the form of undivided, inflexible, spinous raya. Scales mostly ctenoid. Swim- 
bladder without a duct. 

The leading families in this order are the Wrasses {Cydolahndit), tlie Perches 
(Percidce), the Mackerels {Samiteridte), the Mullets (Miigitidai,) and the Gobies 
{Gobiida). 

SuB-onnEB IV. Plectoonathi.— Certain of the bones of the mouth (the 
maxillary and pnemaiillary bones) immovably connected on each side of the 
jaw. Integumentary skeleton in the form of ganoid plates, scales, or spines. 

The chief families in this sub-order are the File-fishes {Balistid<e), and the 
Tnink-fishea (Osttatiimlidee). 

SOB-ORDBB V. LOPHOBRASCHCi.— Gill arranged in little tofts on tbe bran- 
chial arches. Integumentary skeleton In the form of ganoid scales. 

The two bniilies contained in this division sre the Sea-horses {Hipptxam- 
pidn), and the Pipe tisbes {Syoffnaihida). 

Order IV. Gasoidei. 

The fourth order of fishes is that of the Ganoidei, including few 
living forms, but having a great and varied development in past 
geological epochs. The Ganoids are distinguished by the generally 
imperfect development of the skeleton, which is mostly cartilaginous 

" ■ " O" 
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throughout lite, and by having an integumentary skeleton composed 
of garmd scales, plates, or spines (fig, 164, d). The ekull is eom- 
poaed of distinct bones, a:id there is always a lower jaw. There are 
usually two pairs of fins (pectoral and ventral), supporteil by many 
series of cartilages, and the ventral fins are placed very far back. 
The first rays in the fins are usually in the fomi of strong spines. 
The caudal fin or tail is mostly heterocercal or unsymmetrical (fig. 
167, B). The Bwiro-bladder is always present, is often cellular, and 
is provided with an air-duct The gills and gill-covers are essen- 
tially the ^anie as in the Bony fishes. The heart has one auricle 
and a ventricle ; and the bulbug arterioiua is rhythmically contrac- 
tile, is furnished with a distinct coat of muscular fibres, and ia 
provided with several transveree rows of valves. 

The beat known of the living Ganoids are the Bony Kke or Gar- 







fish {Lepidoitewa), the Sturgeon {Acipenter), and the PolypUrut. Of 
these, the Bony Pike (fig. 175, A), is found in the rivers and lakes 
of North America. It is a large fish, attaining a length of several 
feet, and it has the body entirely covei-ed with an armour of ganoid 
scales arranged in obliquely transverse rows. The jaws form a long 
nan^ow snout, armed with a double series of teeth, and the tail is 
heterocercai. The vertebral column is more perfectly ossified than 
in any other fish, the bodies of the vei'tebrie being convex in front 
and concave behind {"opathoaeloui"). The Polyptemt inhabits the 
rivers Nile and Senegal, and is remarkable for the peculiar structui'e 
of the dorsal fin, which is broken up into a seriea of small detached 
portions, each composed of a single spine in front, with a soft fin 
attached to it behind. Some c^ the species of Polyptenu possess 
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extenuid gills when young, which they lose when grown up, thus 
making an approach to the Amphibia. Many of the fossil Ganoids 
are moreorleas closely allied to the living iepi*fo«(e!M and Po/^eru*. 

Anotlier great group of the Ganoid fishes ia represented hy the 
Sturgeons {Acipetaerida), in which the skeleton is alway very im- 
perfectly oesitied, and the head, with more or less of the body, ia 
protected by large ganoid plates, which are often united together 
at their edges by sutures (fig. 167, B). The true Sturgeons are 
confined to the seas and rivers of the Northern hemisphere. They 
mostly inhabit rivers ; but some live in salt water, and ascend rivers 
for the purpose of spawning. They grow to a great size, and possess 
a toothless mouth on the under surface of the snout. A curious 
Ganoid found in the Mississippi is the Paddle-fish {Spatularia). 

The living Ganoid fishes ai-e essentially fresh-water types ; and 
they are merely scattered surviTors of a very extensive series of 
forms, most of which are now extinct. 

Obdbb V. Elashobbanchii. 

This order includes the Sharks, Dog-fishes, Bays, &c., and is dis- 
tinguished by the following characters : The skull and lower jaw 




are well developed, but the skull is not composed of distinct bones, 
and mmply forms a kind of cartilaginous box. The vertebral col- 
umn is cartilaginous, but usually composed of distinct vertebree. 
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The integumantaiy skeleton is in the form of placoid scalea (fig. 
164, e) — tlmt is to aay, of detached grains, tubercles, or plates. 
There are two pairs of fiiia, correBpondiiig to the fore and hind 
limbs, and the ventral fiiis are placed far back, close to the anus. 
The heart conaJHta of an auricle and ventricle ; and the bulbut 
artmwia is rhythmically oontractile, is provided with a distinct 
coat of muscular iibrea, and is furnished with several transverse 
rows of valves. The gills are fixed, and form a niimlier of ]X)ucbe8, 
which open internally into the pharynx, and mostly communicate 
with the outer world by a series of apeilures placed on the side of 
the neck (fig. 176, A). The intestine is very short, but to compensate 
for this, the mucous mem- 
brane is thrown into a fold, 
which winds round the intes- 
tine in close turns from near 
the pyloric orifice of the stom- 
ach to the anus, and which 
thus greatly increases its ab- 
sorbing surface. 

The most characteriatic 
nmples of the Elasmobranch 
Fishes are the Sharks, Dog- 
fishes, Skates, and Bays, 
ally called Plagiostomoua 
"Fishes, because the mouth is 
transverse, and is placed on 
tlie under side of the head. 
In all these types there are 
five branchial pouches on each 
side, which open by five dis- 
tinct slits on the surface of 
the body. There are also two 
apertures (" spiracles ") on the 
top of the head, just behind the eyes, which lead by tubes into the 
pharynx, and which correspond with an anterior pair of brancliial 
pouches. 

The Sharks and Dog-fishes (SdtK/ni) have pectoral fins of the 
ordinary size and shape (fig. 176, A), and have the gilt-slits placed 
on the sides of the neck. Tliey have sliarp conical teeth, in several 
rows, and they are nearly all voracious and fierce animals. The 
Sharks in particular attain a great size. 

The Port Jackson Sharks {Ceslrarion) of the Pacific Ocean, re- 
semble the true Sharks in most points ; but they have bluut teetb 
adapted for crushing t^hell-fish. 

_ ._ Coogli 
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The Skatea and Bays (Batides) have the branchinl openings placed 
on the uridei' side of the head, while the body is generally flattened 
out into a rhomboidal disc, the greater part of which ia made np 
of the enonuoiisly developed pectoral fins (fig. 177). In the Skates, 
as in the Dog-fiahes, the egga are enclosed in leathery capsules, 
familiarly known as "Mermaid's Puraes." 

In another section of the Elasniobranche, typified by the Chimixra 
(fig. 176, B), though the internal structure of the gills is the same as 
in the ordinary examples of the order, there is only a single external 
gill -aperture. The group is therefore spoken of by the name of 
Holocephali. 

Order VI. Dipnoi. 

The best-known , and until lately the only, forms included in this 
order, are the very singular Mud-fiahes (Lepidoairen), which are of 
great interest from the many points of affinity which they exhibit 



Fig. ITS,— A, IfpUinilnn faroAaa, nne oT the Mai.nelieB : B, ymnt It the UDDDtli of 
the same, shuw[nj lliB tectli; C, One or the ovartapping scales, cDlargei 

to the Amphibia. The body of the Lepidonren (fig. 178) is com- 
[iletely fish-like, and is protected by a covering of small, homy, 
overlapping scales, which have the tycloid characters. There are 
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two pairs of limbe, but these are in the form of awl-shaped oi^ans, 
each supported by a single, jointed cartilaginous rod. The pectoral 
limbe have a membranous fringe inferiorly, and the Tentrals are 
placed very far back. There is also a median fin behind, forming 
a continuous fringe round the compressed tail, and supported by 
cartilaginous rays. 

The skull is composed of distinct bones, and there is a lower jaw ; 
but the notochord is persistent, and there are no bodies of vertebras 
developed. The respiratory organs are twofold, consisting, firstly, 
of free filamentous branchite or gills, contained in a branchial 
chamber, which opens externally by a single vertical gill-aUt ; and, 
aecomUy of true lungs, in the form of a double cellular air-bladder 
communicating with the gullet by means of an air-duct or windpipe. 
Sometimes, if not always, there are rudimeiitajy external gills aa 
well, placed on the aide of the ueck. The heart consisla of a ven- 
tricle, and of tino auricles, divided from one another by an incom- 
plete partitinn. Lastly, the nasal sacs open behind into the throat, 
and do not form closed chambers opening only by the nostrils, as 
they do in all other fishes except the Myxinoids. The two beat- 
known species are the Lepidoeireti paradoxa from the Amazon, and 
the L. (frofopferuj) anneeieiis from the Gambia ; but the former is 
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vei7 rare and little known. They both inhabit marshy tracts, and 
both appear to be able in the dry season to bury themselves in the 
mud, and to form a kind of chamber, in which they remain dormant 
till the rains of the wet season set them free. ' 

In tlie fresh waters of Queensland, Australia, are found two other 
remarkable Mud-fiahes, belonging to tlie genus Ceratodnt. The 
singular Ceratodits Foreteii (fig. 179), often called the "Barra- 
munda," grows to the length of six feet, and has the body covered 
with very large cycloid scales. The fins are not awl-iike, but con- 
sist of a fringe of fin-rays surrounding a central lobe. Tlie Barra- 
munda seems to feed upon leaves, which it masticates by means 
of curious undulated bony plates or " molars," of which each jaw 
carries two. It appears occasionally to come to land, at which 
times it doubtless breathes by means of its lungs ; but it baa well- 
developed gills also, and is essentially an aquatic animal. 
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CHAPTER XXV. 

CLASS II. AMPHIBIA. 

This claaa of Vertehrata comprises the Frogs and Toads, the Newts 
and Land-salamanders, the Ciecilut, aiid aorae extinct forms, and it 
may be briefly defined as follows : In all cases gills or branchin 
adapt«d for aquatic respiration are present during a part or the 
whole of life ; but in all cases true lungs adapted for breathing air 
are ultimately developed, even when the gills are retained through 
life. All pass through some sort of a metamorphosis after being set 
free from the egg. The limbs may be absent, or there may be only 
one pair, but in no case are they ever converted into fins. When 
median fins are present, as is sometimes the ease, these are never 
furnished with fin-rays or int«rspinous bones, as in the fishes. The 
skull always articulates with, or is jointed to, the spinal column by 
two articular surfaces or condyles. The heart oonsists of two auricles 
and a single ventricle. The nasal sacs always open behind into the 
mouth ; and tliere is a common cavity or " cloaca "' which receives 
not only the termination of the intestine (rectv/m), hut also the ducts 
of the kidneys and of the reproductive organs. The skin is soft and 
glandular, and, as a rule, neither homy nor bony structures are 
developed in it. 
. ' The great and distinguishing character of the Amphibia is that 
they invariably undergo some kind of metamorphosis after birth ; 
though in some rare cases the eggs are retained so long within the 
body of the parent that there is little or no obvious change. In the 
great majority of cases, however, the Amphibians conmience life as 
water-breathing larcai, provided with gills ; but in their adult state 
they possess two air-breathing lungs, the gills sometimes disappear- 
ing when the lungs are developed, but being sometimes retained 
throughout life. In most cases, and always if retained, the gills are 
external, placed on the sides of the neck, and not contained in a special 
cavity, thus differing from the gills of fishes. In the Frogs and 
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Toadfl, au<l in some otherH, there are two seta of gilbi, one external 
and the other internal, of whicli the former is sooiieat lost. The 
lungs of the Amphihiajia never attaiii a very high atat« of develop- 
ment ; and in those forms in which the gills are retained thi-oughout 
life, the chief business of re8pira,tion appears to be carried on by the 
gills. In accordance with the changes in the respiratory process, 
corresponding alterations take place in the blood-veasela. With the 
development of the lungs the vessels which carry blood to them (the 
pulmonary arteries) increase in size, whilst the branchial vesaels, 
which carry the blood to the gills, undergo a proportionate diminu- 
tion. At lirst the condition of the circulation is very much the 
same as it ia in fishes, but ultimately it becomes nearly the same as 
in the true Reptiles. 

The Amphibia, are divided into three living and one extinct order 
as follows : — 

Order I. Ophiomorpha. 

This order is an extremely small one, and, as its name implies, it 
comprises certain snake-like Amphibians. Tlie oi'der includes only 
the curious animals known as CxcUice (tig. 180), which are found in 



Ra. IB*.— a Slpkoneps nnKiiIn/ui, one or the CEClltunn. mticli reddcccl ; h Had of the 
Mnif; c Month, showing the tongue, teeth, and In lernal openings of the nostiili; 
d Tsiloftheiianie. (After DuniFrll and Bibrnu.) 

Southern Asia, Africa, and South America. The body is entirely 
destitute of limbs, and ia enclosed in an integument which is thrown 
into numerous transverse wrinkles, and sometimes has r. 
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homy scales embedded in it. The eyes are concealed hy the skin, 
and are rudimentary. There ia no tail, and the aual aperture is 
placed almost at the extreme end of the body. When adult, respira- 
tion is carried on by means of lungs, but gillH are present in the 
young, and there can therefore be no doubt aa to thei» being genuine 
Amphibians. 

Tlie CacHiiE are found burrowing in marshy groui^, and they are 
not unlike large earth-worms in appearance, bM they sometimea 
attain a length of several feet. 

Order II. Urodela. 

In this order are a number of fish-like Amphibians, of which the 
Newts and Land-salamanders are the most familiar examples. lu 
all the members of this section the skin is naked, and never develops 
any hard structures, and in all there is a well -developed fish-like 
tail, which is retained throughout life. The vertebrae are sometimes 
hollow at both ends {ampkicalou>\ sometimes hollow behind and 
convex or rounded in front {opttthoceeloui}. The ribs are rudiment- 
ary, and the bones of the fore-arm {radiut and ulna), and of the 
shank {tibia aadJUnila), are separate, and are not combined so as to 
form single bonea. 

The Urodda are not unfrequently spoken of as the " Tailed" Am- 
phibians, and they fall into two natural sectioiia, nccui-ding as the 
gills are permanently retained throughout life, or are east off before 
maturity is attained. The animals belonging to the first section are 
often called " perennibranchiate," whilst those belonging to the 
second are said to be " caducibranchiate." 

Among the Perennibranchiate forms, in which the gills are per- 
manently retained after the lungs make their appearance, the best- 
known examples are the AxolotI, the curious Proteus anffainia, the 
Menobranchus, and the Mud-eel {Siren). Axolotls inhabit vaidous of 
the lakes of the American continent, the beet-known species being 
the SiTsdon pieci/orme of the Mexican lakes. It attains the length 
of a toot or more, and possesses both pairs of limbs, the fore-feet 
having four toes, the hind-feet live toes. The brancliite are in the 
form of three long ramified processes on each side of the head ; and 
the tail ia compressed, and fringed by a fin which is prolonged on 
the back between the shoulders. In a state of nature, the Mexican 
AxolotI is certainly perennibranchiate, and it breeds freely in this 
condition. It has been shown, however, by Prof. Marsh, of New 
Haven, and others, that some species, when kept in confinement, 
lose their gills, and undergo ceilain other changes, becoming ulti- 
mately converted into Salamandroids, belonging to the gemie Ambly- 
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*tonui. MjoreoTer, in one speciea (viz,, AnMystotna raavoriiu-m), this 
change is known to occur in a state of nature ; the larva being tat 
AxolotI, with gills, and capable of breeding, but ultimately changing 
to a gill-leaa Salamander. 

The Proteus ia an extraordinary Amphibian which m found in- 
habiting the waters of caves in Illyrla and Dalmatia. It attains a 
length of about a. foot, and is of a pale flesh-colour or nearly white. 
The gills, which are. retained throughout life, are of a, bright BcarleL 
Both pairs of limbs are developed, but they are only short and 
weak, the fore-limbs having three toes each, and the hind-limbs only 
two. The eyes are rudimentary, the animal spending its existence 
in darkness ; and swimming is effected mainly by means of the tail. 
Allied to Proteus is the Mnd-pnppy {M^tobranckui, flg. 181, C) of 




Korth America, which is from six inches to a foot in length. The 
Siren or Mud-eel (fig. 181, A) ia a large lizard-like Amphibian, 
which is found abundantly in the swamps of South Carolina, and 
attains the great length of three feet. The external branchite are 
retained throughout life, and they are the main organs of respira- 
tion. The fore-limbs are present, but the hinder pair of limbs ia 
never developed. Another form, which occurs in the Southern 
United States, is the Congo-snake (Amphiuma). This has a snake- 
like body, with rudimentary two- toed limbs (fig. 181, B), and though 
the gill-slits remain on the side of the neck, it has no gills. 
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The " caducibranchiate " section of this order is characterised hy 
the fact that both paira of limbs are always developed, and the 
branchi* are never retained throughout lite. The most familiar 
examples ai-e the Water-salamanders or Newts (Triton). The Newts 
(fig. 182), are well known as inhabiting pools in many regions, and 
the young lead a strictly aquatic life. When the lungs are devel- 
oped the external gilla wholly disappear ; and the respiration becomes 
strictly aerial, though the animals still spend a great part of their 
time in the water. The larva or young form is at first destitute of 
limbs, and the fore-limbs are the first to be developed, the reverse 
of this taking place in the Frogs. In accordance with their mode of 
life, the tail is compressed and flattened, so as to form an eflScient 



Fig. 18!.— Tbs Great WatcrNent (THIan criilatm), iiiile. (Alter Bell.) 

ewimraing apparatus. The Water-salamanders are all oviparonp, and 
the young are like the tadpoles of the common Frog. 

Tlie so-called Land -salamanders (Salamandra), in the strict sense 
of the term, are esseiitiaily terrestrial animala, though commonly 
freqtieutiug water ; and they retain the larva; within the oviducts 
for a lunger or a shoi-ter time after the emergence of the embryo 
from (he egg. They are, therefore, ovo-vivi parous or even viviparous. 
The tail is rounded and cylindrical. A common fonn is the Spotted 
Salamander of Euro^te, in which the Urvie have at first external gilla ; 
but in the Alpine Salamander of Southei-n Europe, the larvie are 
not brought forth mitil the gilla are shed. 

Order III. Anoura. ' 

This order is the highest of the Amp/tibia, and (N^mprises the Frogs 
and Toads. It is sometimes known by the name of Batrackia (Gr. 
batrachos, a fi-ogX or Anouj-a (Gr. a, without ; oura, a tail), the latter 
name being derived from the fact that the atlults are ''tailless." 

The tailless Amphibia are characterised by the fact that whilst the 
larva possesses a tail, and is funiished with gills, the adult has no 
12 
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tM\f and breathes wholly hj lungs, and through the skin. Both 
pairs of limbs are always developed in the full-grown animal, and 
the hind-limbs are usually considerably longer than the fore-limbe, 
and generally have the toes webbed, whilst those of the fore-limbs 
are free. The skin is soft, and there are rarely any traces of any 
integumentary skeleton. The spinal column ia short ; the dorsal 
vertebrie are very long ; and the ribs are quite rudimentary, their 
place being taken by greatly-developed transverse processes. The 
bodies of the vertebra are hollow in front and convex behind {j^v- 
cedom). The bones of the fore-arm {radittt and ulna), and those of 
the shank {tihia and fl"6u/a), are united together to form single bones. 
The upper jaw is usually furnished with teeth, and the lower jaw 
sometimes, but there are no teeth in the Toads. The lungs are well 
developed, comparatively speaking ; and aa there are no ribs by 



which the cavity of the chest can be expanded, the air is token 
into the lungs by a process nearly akin to that of swallowing. There 
can be no doubt, also, that the skin plays a very important part in 
the aeration of the blood, and that the frogs especially can carry on 
their respinition by means of the skin without the assistance of the 
lungs for a very lengthened period. This, however, should not lead 
to any credence being given to the ott«n -repeated stories ot frogs and 
toads being found in closed cavities in solid rock, no authenticated 
instance of such an occurrence being known to science. The ova of 
the frogs and toads are deposited, in masses or strings, in water, and 
the young or larvie are familiar to every one as tadpoles. Upon its 
escape from the egg, the young frog (fig. 184) presents itself as a 
little fish-like creature with a broad head, a sac-like belly, and a 
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loiig compressed tail with whicli it swims actively. It breathes by 
means of gills or branchite, of which there are two sets, one external 
and the other internal. At first thei'e are no limbs ; but, as devel- 
opment proceeds, the limbs make their appearance — the hind-legs 
first, and then the fore-legs. The tail, however (fig. 184), is still 
retained as an instrnment of progression. Ultimately, when the 
liniba are fully developed, and the gills have given place to lungs, 
the tail is absorbed, and the animal now takes to the land as a 
perfect frog. 

The development of the Frog is a good illustration of the general 
zoological law, that the transitory embryonic stages of the higher 
members of any division of the animal kingdom are often repre- 
sented by the permanent condition of the lower members of the 
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same division. Thus the transitory condition of the young Frog, 
in which it breathes by external branchiie, is to a certain extent 
permanently represented by the permanent condition of a pereiini- 
branchiate Amphibian, such as the Proteui. The stage at which the 
external branchiffi have disappeared, but the tail is still present, and 
the limbs are developed, ia permanently represented in the common 
tailed Amphibians, such as the Newts. 

The order Anoura comprises the three families of the Frogs, 
Toads, and Surinam Toads. The Frogs {Ranidtt) are distinguished 
by having a tongue which is fixed to the front of the mouth, and 
can be protruded at will, while the upper jaw is always armed with 
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teeth. The typical Frogs have enormoualy developed hind-legs, the 
toes of which are united by membrane, or are "webbed." They 
swim very powerfully, and can take exteosive leape. Excellent ex- 
amples are the Grass Frog {Rana temporarid] and Edible Frog 
(Hatta etcalenta) of Europe, and the Bull -frog {Rana pipiens) of 
North Ameriua. The Tree-frc^s, on the other hand, are adapted 
for a wholly different life, inhabiting trees, among which they climb 
with great ease by the help of suckers developed upon the ends of 
the toes. They are mostly found in warm countries, especially in 
America, but one species is European. 

In the equally familiar Toads (BufonuM), the structure of (he 
tongue is the same as in the Frogs, but the jaws are not furnished 
with t«eth. In the Surinam Toads {Pipidce) there is no tongue at 
all, and usually no teetL 

Ordbh IV. Labtrinthodontia. 

This, the last order of the Amphibia, is not represented by any 
living forms, and requires to be little more than mentioned. The 
Labyrinthodonts were Amphibia which were all of large size, and 
of which some must have attained absolutely gigantic dimensions, 
the skull of one species being three feet in length and two in breadth. 
They were first known to science simply by their footprints, which 
were found in certain Secondary sandstones {Trioi). These foot- 
prints consisted of a series of alternat«lj placed pairs of hand -shaped 
impressions, the hinder print of each pair being much larger than the 
fore one. So like were these prints to the shape uf the human hand 
that the unknown animal which had produced them was christened 
tha "Cheirotherium"{GT.eheir,\ta,iA; Mir, beast). Further researches, 
however, showed that these footprints were produced by various 
species of large Amphibians, to which the name of Lahyrinthodowtia 
was applied, in consequence of the complicated microscopic structure 
of the teeth. These extinct Amphibians are known to liave existed 
at the time of the Coal, but they are most characteristic of the period 
known to geologists as the Trias. 
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CHAPTER XXVI. 

CLASS III. EEPTILIA. 

:ow the second great primary division of the VerU- 
ftrata-— namely, that of the Sauropsida, comprising the Reptiles and 
the Bird& These two claasea, though very unlike in external ap- 
pearance, are united by the following characters : There are never 
at any period of life gills or branchite adapted for aquatic respira- 
tion ; the red corpuscles of the blood are nucleated (fig. 163, b, e) ; 
the skull articulates with the vertebral column by means of a single 
articulating surface or condyle ; each half of the lower jaw is com- 
posed of several pieces, and is jointed to the skull, not directly, 
but by the intervention of a special bone (the so-called " quadrate 

These being the characters by which, amongst others, Reptiles 
and Birds are collectively distinguished from other Vertebrates, it 

remains to see what are the characters by which the Reptiles are 
distinguished, as a class, from Birds In all Reptiles the blood is 
cold — that ia to say, very slightly warmer than the temperature of 
the eitemal medium in wliich they Uva. The integument generally 
secretes scales, with or without bony plates, but in no case do the 
integumentary appecidages take the form of feathers. The heart 
consiBta of two auricles and a ventricle, which in most is partially 
divided into two ciiambers by an incomplete partition, and in a few 
is completely divided. lu any case, however, more or less of the 
impure venous blood is mixed with the pure, arterial blood which 
circulates over the body. There is no division between the cavities 
of the thorax and abdomen, and the lungs are not connected with 
■ air-sacs placed in various pari» of the body. The limbs may be 
wanting, or rudimentary, but in no case are the fore -limbs con- 
structed upcHi the type of the "wing" of birds, and in no living 
Reptile is there the bone which is known in Birds as the " tareo- 
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The claas Septilia includes, tunong living forms, the Tortoises and 
Turtles {CMonia), the Snnkes (Opkidta), the Lizards (L<Kertaia), 
and the Crocodiles {Crocoddia). With the exception of tlie Tor- 
toises and Turtles, they are mostly of an elongated cylindrical form, 
furnished behind with a long tail. The limbs may be altjjgether 
absent or quite rudimentary, as in the SnHkea, but in almost all the 
higher members of the class there are two pairs of limbs, which may 
be either adapted for walking or swimming, and which in some 
extinct forma support a flying membrane. The internal skeleton is 
always brniy, never cartilaginous or semi -cartilaginous as in many of 
the iiahes. The skull is jointed to the spine by a single articulating 
surface (or condyle). The lower jaw is complex, each half being 
composed of several pieces united by sutures. In Tortoises and 
Turtles, however, these separate pieces are amalgamated together, 
and the two halves are also united, so that the whole lower jaw 
appears to form a single piece. In moat reptiles, on the other hand, 
the two halves of the lower jaw (fig, 185), are only loosely united ; 
in the Snakes by ligaments aiid muaclea, in the Lizards by gristle, 
and in the Crocodiles by suture. In all, tHe lower jaw is jointed 



to the skull by means of a special bone, called the "quadrate 
bone"; and as this often projects backwards, the opening of the 
mouth is often very extensive, and may even extend backwards 
beyond the base of the skull (tig. Ido, a). Teeth are generally pres- 
ent, but these are used chiefly to hold the prey, and not in biting or 
chewing the footl. Except in the Crocodiles, the teeth are not sunk 
into distinct sockets, and they are usually replaced as fast as shed. 
They likewise do not difier from one another sufficiently in form or 
function as to allow of their being divided into different seta, as they 
can be in the Mammals. Usually the teeth are confined to the jaws 
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proper, but in some cases they are carried by other bones of the 
nioutk In the Tortoises and Turtles there are no teeth, and the 
jaws are simply sheathed in horn, so as to constitute a. kind of beak, 
like that of a bird. The integumentary skeleton is in the form of 
scales, sometimea combined with bony plates. In the Tortoises and 
Turtles the integumentary skeleton 
is so united with tlie true skeleton 
as to form a kind of bony case or 
bos, in which the body is enclosed. 

The digestive system presents 
little worthy of special notice, ex- 
cept that the termination of the , 
intestine {rectum) opens into a 
cavity called the " cloaca," which 
receives also the duets of the uiin- 
ary and jjenerative organs. 

It ia, however, in the structure 
of the circulatoiy and respiratory 
organs that the most impoitant 
characters of the Reptiles are to , 

be looked for. The heart in all 
Reptiles may be regarded as being, 
in function, three -chambered, be- 
ing composed of two auricles and 
a single ventricle, imperfectly di- 
vided by an incompleta partition. 
In the Crocodiles alone the heart 
is, gtracturalli/, four - chambered, 
the ventricle being divided into ^'utl™^I'B^ptii'^™R^t''auri"^ 

two by a complete partition. receiving venous blooil Imm the 
Here, however, the same results body; o' Left auricle, receiving »rt«. 

are brought about as in the other ;^l™°tiCcir^nWninV^'^ 

Reptiles, by means of a communi- blood, whiehiadrlifen by (p> the pul- 

catioQ which subsists between the nioimryartery tn thBluiigii,andby(o) 

great vessels which spring from y^t™ in left llaht tte art*ri«™w" 

the ventricles thus formed. In the tem is blaok, and tlie vtsvls goiiIaId- 

ordinary Reptiles tlie COUl'se of the ing mfied wood aie cross-shaded.) 

circulation is, roughly speaking, as 

follows (fig. 186) ; The impure or venous blood that has circulated 
through the body is poured by the great veins into the right auricle 
(o). The pure or arterial blood that has been submitted to the 
action of the lungs is poured by the pulmonary veins into the left 
auricle (a'). Both auricles empty their contents into the ventricle, 
and as the partition which divides tlie ventricle ia an incomplete 
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one, it follows that the venous and arterial streams must mis tc some 
eitent in the ventricle. From the ventricle arise the gi-eat vesaela 
which carry the blood to the lungs and to all parts of the body, and 
it follows that to some extent all these parts are supplied with a 
mixed fluid, consisting partly of impure or venous blood, and partly 
of pure or arterial blood. In the Crocodiles, in which there are two 
ventricles completely separated from e»ch other, the same result is 
brought about by means of a communication which takes place 
between the great vessels which spring from the ventricles, in the 
inuuediate neighbourhood of the heart. 

As a matt«r of fact, the heart of the Reptiles is so constructed 
that this theoretical mixture of the arterial and venous currents in 
the common ventricle only takes place in practice to a limited extent. 
What actually occurs is that the lungs are supplied mainly with 
venous blood, and the head and fore-limbs are supplied mostly with 
pure arterial blood, while the body and hind-limbs are supplied 
with mixed blood ; but the arrangements whereby this is brought 
about are too complicated for description here. 

As regards the structure of the lungs, it is merely to be noted 
that there is no partition, (d«y)Arajm or midriff) separating the two 
cavities of the thorax and abdomen, and that the lungs, therefore, 
often attain a great proportionate size, sometimes extending through 
almost the whole length of the cavity of the tnuik. There are also 
no air-sacs communicating with the lungs, as in the Birds. 

Lastly, all Reptiles are essentially oviparous, some being ovo- 
viviparous. The egg-shell is usually parchment-like, but in other 
cases contains more or less calcareous matter. 

The class ReptUia is divided into four living and six extinct orders, 
as follows, but the latter require no extended notice here ; — 

1. Chelonia (Tortoises and Turtles). 

2. Opkidia (Snakes). 

3. Lacertilia (Lizards). 

4. Crocodilia (Crocodiles). 
6. Iehthyopt^gia\ 

6. Sauropterygia \ 

7. Ptm-otauria \ ^ . 

9. D^nosauria \ 
10. TheriodanHa ' 
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CHAPTER XXVII. 

DIVISIONS OF REPTILIA, 

Obdbr I. Chblomia. 

In tbis order are included the varioua Tortoiaes and Turtles, char- 
ftcteriaed by having the body eaeloaed in a bony case or box, and by 
the fact that the jaws are not provided with teeth, but are encased 
in horn, so as to form a kind of beak. The caae in which the body 
of a Chelonian is protected ia corapoaed partly of integumentary 
plates and partly of flattened bones belonging to the true skeleton, 
aud it ia compoaed.esaentially of two pieces, one placed on the bock 
and the other on the lower aurface of the body, firmly united 
together at their edgea. The dorsal shield is more or less convex 
and rounded, and is called the carapace; whilst the ventral shield 
ia more or less completely flat or concave, and is called the plattron. 
The carapace and plastron, as juat said, are imit«d by their edges, 
but they leave two tunings, one in front for the head and fore- 
limbe, and one behind for the tail and hind-limbs. The carapace 
is essentially composed of the flattened and expanded spinous 
processes of the Tertebrie, and the greatly developed ribs, covered 
by a series of homy plates. These are growths of the integument, 
and in some cases (flg. 168) they constitute the "tortoise-shell" of 
commerce. The plastron is also composed partly of bony and partly 
of homy plat^ but opinions differ as to whether the bony plates 
are to be looked upon hs formed by an expanded breastbone, or 
whether they are merely integumentary, the probabilities being 
in favour of the latter view. 

The remaining peculiaritiea with regard to the skeleton which 
deserve special mention are : Firstly, that the dorsal vertebrte are 
immovably connected together, so that this region of the apine. is 
quite inflexible ; secondly, that the heads of the ribs are articulated 
directly to the bodies of the vertebrte ; and, thirdly, that the 
scapular and pelvic archea, supporting respectively the fore and 
hind limbs, are situated within the carapace (fig. 187), so that the 
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Bhoulder-blade is placed imide the ribs instead of outside, as is 
usually tbe case. 

The Ckelonia are conveniently divided into groups, according as 
the limbs are adapted for swimming (natatory), or for progression 
on land (terrestrial) ; or, again, enOible the animal to lend an amphib- 
ious life, sometimes on land and sometimes in the water. Of the 



strictly aquatic forms the best known are the edible Green Turtle 
{Vhelone mi/das) and the Hawk's-bill Turtle {Chdoiie imhricata). 
The former is found abundantly in many of the seas of warm 
climates, and is largely imported into Europe as a delicacy. The 
latter (fig. 187) is truly a native of warm seas, though an occasional 
straggler has reached Britain. It is of comparatively small size — 
- not more than about three feet in length— bnt is of considerable 
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commercial importance, as it furoielies the " tortoise- ahell " of trade, 
so largely used iu varioiis kinds of ornamental work. 



Fin. ia«.-TiieHawk'B-blllTnrLle(C/i(lon«iintrical(i). (AfterBell.) 

The Sea-tortoises or Turtles have the carapace much flattened, the 
legs of unequal length, in the form of solid fine or oars, the toes 
being conjoined, and hardly distinct from one another. 

The Marsh, Pond, and Hiver Tortoises are generally furnished 
with webhed feet, and lead an amphibious, semi-aqiiatic existence. 
The so-called "Soft Tortoises" {Trioni/ciiia) belong here, and arc 
distinguished by the imperfect condition of the carapace, which is 
simply covered with a leathery skin. A good example is the Soft- 
shelled Turtle {T fero:):) of the Southern States. Here also belong 
the Snapping-turtles, so well known in the person of the common 
American species(CAeiyd/(i»er/ie7i(!'?io), and the Terrapins(i'»j^(/KftB), 
of which many forms are found in all parts of the United States. 
In the curious little Box-tortoiae (dsiudo Virginea) the plastron is 
composed of two movable portions which can be brought into accu- 
rate apposition with the carapace, thus completely protecting the 
animal within. 

The Land-tcrt«iaes have short legs of nearly equal length, the toes 
little distinct, and united into a sort of stump, with indistinct, homy 
claws. Good examples of this group are the common European 
Tortoise {Teiludo Graca) and the Indian Tortoise {T. Indiea), the 
last attaining a length ot over three feet. 
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ORDEa II. OPHIDIA. 



This order includes most o( the animals which would commonly 
be called snakes or serpents, and is characterised by tlie following 
peculiaritiea : The body is always more or less elongated, worm-like, 
or cylindrical, and the skin develo|)S homy scales, but never bony 
plates. There is never any breast-bone {ttenmm), nor pectoral arch, 
nor fore-limba ; nor, as a rule, are there any traces of hind-limbs. 
In a few cases, however, rudimentary hind-limbs can be detected. 
The ribs are always very numerous. The two halves of the lower 
jaw are composed of several pieces each, and they are united to one 



Fig. IBS.— The t{aja \aje, x polsonona Smke of Kgypt 

another in front only by ligam^Rts and muscles (fig. 185). Hooked, 
conical teeth are always present, but they are never lodged in dis- 
tinct sockets, and are only used to hold the prey, and not in 
mastication. The lungs and other paired organs are often not 
symmetrical, one of each jiair being usually smaller than the other, 
or altogether absent 

The most striking of these characters of the snakes (fig. 189) is to 
be found in the nature of the organs of locomotion. The fore-limba 
are invariably altogether wanting, and there is no pectoral arch nor 
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breaat-bone ; iior, as a rule, aio there any traces of hlnd-liiuba. In 
a few forma, however, the hind-limba are present in an extremelj 
rudimentary form, never exhibiting any outward evidence of their 
existence, beyond the occasional presence of short homy clawB or 
spurs. In the entire absence, theu, or rudimentary condition of the 
limbs, the snakes progress by means of the ribs, which ai'e always 
excessively numerous, and, in the absence of a breast-bone, are also 
extremely movable. Their free ends, in fact, are simply attached 
by muscular fibres to the scales or "scutes," which cover the lower 
or abdominal surface of the animal. The number of ribs varies 
greatly, and by means of the above arrangement the snakes are able 
to progress rapidly, walking, as it were, upon the ends of the ribs. 
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Their movements are also much assisted by the extreme flexibility 
of the whole spine, caused by the cup-and-ball articulation of the 
bodies of the vertebrte, each of which is concave in front, and 
convex behind (prorajioiu). 

Of the other characters of the snakes, a few words may be said as 
to the tongue, the eye, and the teeth — all important structures in 
this order. The tongue, in serpents, is probably more an organ of 
touch than of taste, and consists of two muscular cylinders, which 
are united towards their bases. The forked organ thus formed can be 
protruded and retracted at will, being in constant vibration when pro- 
truded, and being in great part concealed by a sheath when retracted. 
The eye of serpents (fig. 190, A) is not protected by any eyelids, and 
hence the peculiar stony and unwinking stare for which these rep- 
tiles are celebrated. In place of eyelids, the outer layer of the skin 
is prolonged over the eye as a continuous and transparent film, 
behind which is a chamber formed by the mucous covering of the 
eye, into which the tears are discharged. The outer membrane is 
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periodically shed along with the rest of tha external or epidermic 
layer of the iategiuneut, and is again renewed. The pupil is round 
in most serpents, but it forma a. vertical slit or fissure in many ven- 
omous Snakes and in the Boas. 

As regards the teeth, it is to be noticed that the snakes are not 
in the habit of chewing their prey, but of swallowing it whole, and 
the construction of their dental apparatus is in accordance with this 
peculiarity. The lower jaw, as before said, articulates with the 
skull by means of a quadrate bone (fig. 185), and this in turn is 
raovably jointed to the cranium. The two halves of the lower jaw 
are also merely united loosely in front by ligaments and muscles. In 
consequence of this peculiar arrangement of parts, the serpents have 
the power of opening the mouth to an extraordinary width, and 
they can perform the moat astonishing feats in the way of swallow- 
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ing. The teeth are aimpiy fitte<i for seizing and holding the prey, 
but not in any way for chewing or dividing it. In the harmless 
snakes the teeth are in the form of solid cones, which are arranged in 
rows round the whole of the upper and lower jaws, a double row exist- 
ing on the palate tut well In the venomous snitkes, on the other hand, 
the ordinary teeth are usually wanting upon the upper jaws, or are 
few in number ; and these bones are themselves much reduced in 
size. In place of the ordinary teeth, however, or in addition to 
these, the upper jawa carry the so-called " poison-fangs " (fig. 191). 
In the Viperine Snakes these are a pair of long curved fangs, one 
on each maxilla or upper jawbone, which, when not in use, are 
pointed baekwai-da, but can be raised at will by special muscles, by 
the elevation of the movable maxillee. Each tooth is perforated by 
a fine canal or tube, which opens by a distinct aperture at the point 
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of the fang, imd is connected with the duct of the " poison-gland." 
This is a gland (fig. 193, a), situated under and behind the eye, 
secreting the poisonous fluid which renders the bites d iheee snakes 



dangerous or fatal. When the serpent strikes at any animal, the 
poison is forced through the poison-fang into the wound, partly by 
the contractious of the muscular walls of the gland, and partly by 
the compressive action of the musclea of the jaws and cheeks. 

The Ophidia are usually classified in accordBnce wicli the characters of their 
deotal iipl>aratH9, and may be divided as follows, satne minor groups being 
omitted : (I.) The Viperiiia comprise the most typical ot the vtuomoua Snakes 
( Venenosa^, and include the commaa Vipers ( Viperida] and the Rattlesuakea 
{Crolaitdie), the former being confined to the Old World, whilst the latter are 
mainly Americiu;. The common Viper [Peliat bemt) occnm abandantl; in 
Europe and Korthera Asia, and is capable o[ inflicting a severe and even dan- 
gerous bite. The rest of the tnie Vi|>ers are Arricaii and Asiatic, well-known 
examples being the Puff-adder o! the Cape of Good Hope (CUiiho), the Homed 
Viper (CVri«(««) of North Africa, and the " Tic-polonga " {Dahoia Ruasellii) of 

The true Rattlesnakes (Crolalta) are eictusivety natives of America, and 
they are highly poisonous. The extremity of the tail in the common Rattle- 
snake {Croialxa dxtrUtiu) is furnished with a series of homy epidermic cells 
of an undulated pyramidal shape, articulated one within the other, constitnting 
an appendage which is known as the " rattle." Before striking its prey, the 
Rattlesnake throws itself into a coil, and shakes its rattle, as it does also when 
alanned. A nearly allied form (C. horridiie] is found in South America. Other 
Ameriian examples of the Croiaiidcc nte the Ferde-lance {Trigonot«ph(dia) 
of the West Indies, the Copper-head {AncistTodoa contorttix), and the Water- 
mocassin (A. piicivorai), in which there is no rutlls. In India and Southern 
Asia there are also various Snakes belonging to the Crolalidie. 

Taken as a whole, the Viperine Snakes are distinguish ed by having only a 
single poison-fang on each maxilla ; while this hone ia short and movable, and 
carriea no other t«eth. There are, however, one or more reserve-fangs behind 
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the poison-tang. TIib 1i«*1 is broad, somewhat trinngulBr in sliape, broadest 
in its middle, and showing a very distinct line of deniarcation between the head 
■Dd neck. The head, also, ia usually covered with small scales (fig. 193, C), 
and rarely eihibita lai^ platea or "scuta." The Crotalida have a deep pit 
between tlie eye and the nostril, hy which they are distinguiahed from the true 
Vipers, and from which they have acquired the common name of " Pit-vipers." 
(2. ) The Elapvaa are poisonous Snakes, in which the poison-fangs are per- 
mtmently fixed and erect, and have smaller solid teeth behind them. Tlie head 
(tig. 193, A) is shield-shaped, and not much wider than the body, its upper 
surface being covered with large shields or Bcnta. This group comprises sonis 
of the most deadly of all the Serpents, one of the best known being the Hooded 
Snake or CiAra di Capello {Naja tripvdiatu), which is commonly found in 




Fig. 1S3.— Ophldia. A, Head at an Elapine Snake (Biimnnu JasAalvi'), viewed from 
above. B, H«ad of s. Uolubrine Snake (jTopidanotia jtatrix). G, Hf«4i uf a Viperlue 
Boake (Boiota Rwwllii). (A and C are arter Bit Joseph Fayrer ; B te after Bell.) 

Hindostan, and is the snake usually carried about by the Indian snake- 
charmers. It varies from two to six feet in length, and the neck can be 
eil«usively dilated, covering the bead like a hood. A nearly allied species is 
the jVo/o hiy'e (fig. 189) of Egypi The genus Bunganu, including the deadly 
" Kerait " (B. cwrufem) of India, is nearly allied to Nc^, bat the neck is not 
dilatable. America has representatives of this family in the beantifnlly marked 
Coral-snakes and Harlequin-snakes {Elaps) ; and they abound in the Australian 
region, a well known type being the Death-adder [Acanllu^is). 

(3.) The IlydTopkidiE comprise aquatic Ophidians which have the tail ver- 
tically compressed and broadened out They are found principally in the 
Indian and Chinese seas, oft«n frequenting the months of rivers, though some- 
tjmea ranging tar from land. They are extremely poisonous, and swim with 
great ease and rapidity. 
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(4.) The CUuftrina camprise a greAt number of altogether innocnons Snakes, 
ia which the nuperior maxilln are provided with soiid teeth only, and tbcra 
ore ao fangs. The head in the Colabrine Snakes is not much wider than the 
neck, and is covered with large shields (fig. 193, B). The Colubrine Snakes 
are cosmopolitan iu their distribation, and an excellent example is the common 
Ringed Snake (Colvber or Troptdtmoltu nalrix) of Britain, a perfectly hannlesa 
animal, which is commonly found in damp situations, and which lives mainly 
upon fhigs. Closely allied to this is the Black Snake (Baaaatioii contlrielor) 
of North America, which attains a length of from three to five feet, but is 
perfectly harmless, ao far as man is concerned. 

(5.) The" PythoJiina comprise the well-known serpents termed the Boas, 
Pythons, Anacondas, and Roclt-snakes. Tlie members of this group are the 
largest of all living Snakes, attaining a length ot certainly over twenty feet. 
Their bite is not venomous, but they are nerertheless highly (langeroua and 
destructive animala, owing to their great size and enormous muscular power. 
Tliey seize their prey and coil themselves round it in numerous folds, by 
tightening which they gradually reduce their victim to the condition of a 
shapeless bolus, fit to be swallowed. The dental apparatus ia eitremely 
powerful giving a firm hold for the constriction of the prey. They possess 
rudimentary hind-limbs, terminating in horny anal spars, which co-operate 
with the prehensile tail in enabling the animal to suspend itself from trees. 
The true Boas and Anacondas are South American, but the Pythons are 
inhabitants of Southern Asia and Africa. 

Order III. Lacertilia. 

The third order of Reptiles is that of the LacertUia, compriaing &11 
the animala which are properly knowa t>a LizBrde, together with 
some snake - like creatures, auch an the Blind-worm. They are 
distinguished by the following chaxactera : Usually there are two 




pairs of well-deTeloped limbs, but there may be only one pair, or all 
the limbs may be rudimentary. In all cases, however, a scapular 
arch is present The vertebrie are usually hollow in front (procal- 
out), rarely hollow at both ends {amphieadout). In no living Lacer- 
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tiliau are the teeth lodged in distinct aocketa. The eyes are mostly 
fumiahed with movable eyelids. The integument is usually fur- 
nished with horny overlapping scales, like those of the Snakes 
(fig. 196). 

As a general nile the animals included under this head have 
four well-developed legs, and would therefore be popularly called 
" Lizards." Some of them, however, such as the common Blind- 
worm {.inguU fragUu) of our own country, exhibit no external 
indications of limbs, and would therefore be generally regarded as 
Snakes. These snake-like Lizards, however, can be distinguished 
from the true Ophidians by the consolidation of the bones of the 



Fig. 193.— Bllnd-wona (^n^uis/ro^II^ {After B«11.) 

head and jaws, and by the fact that the eyes are generally provided 
with movable eyelids. Dissection also shows that the dioulder- 
girdle (or scapular arch) is always present in a rudimentary 
condition. 

Few Lizards are natives of Britain ; the only forms which can be 
said to be at all abundant being the Blind-worm or Slow-worm and 
the Sand-lizard {Lacerta aj/Hii). Of the snake-like Lizards, a good 
example is to be found in the common Blind-worm or Slow-worm 
of Europe. It is completely serpentiform, without any external in- 
dications of limbs (fig. 195), and it is quite harmless. It is remark- 
able for the fact that, when alarmed, it stiffens its muscles to such 
an extent that the tail can readily be broken off, as if it were brittle. 

- - -.uoj;lc 
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Thia same brittleness exists in the Glnss-snake (Opkimtirta ventralu) 
of the Southern United statea, in which also there are no limbs. In 
other allied genera, there may be fore-feet alone, or hind-feet may 
be present, or all four limbs exist in Si more or less nidimentaiy 
condition. In the true Lizards {Lacerta), all four limbs are present 
in a well -developed form ; as ia seen in the common Green Lizard 
(i. viridiii) of Europe. The genus Lacerta ia represented in America 
by the Ameiam^ of which tlie Striped Lizard {Amdea »ex-lineata) of 
the Southern States may be taken as a good example. Of all living 
Lizards the largest are the Monitors ( Varanidw), which are exclu- 
Bively confined to the Old World, and attain sometimes a length of 
from six to eight feet. Very large, too, are some of the Iguanas 



Ptu. l».-HeaaofGediD>E»lor. (Afttr Gilnthor.) 

(fig. 194), which occur in warm regions in various parts of the world, 
but especially in South America, where they are ofteu eaten. Belated 
\f> the Iguanas are the singular Lizards known as the Flying 
Dragons (Draco), various species of which inhabit the Indian Archi- 
pelago and the East Indies. They are all of small size, living in 
trees and feeding on insects ; and their great peculiaritv consists in 
the fa«t that certain of the ribs are straightened out and support a 
wing-like fold of the skin on each side of the bnily, by means of 
which the animal can take very extensive lea[iM fiimi tree to tree. 

The Scincoid Lizards form a very large family, represented by 
numerous species in all parts of the world. One species is a common 
form in Egypt and Anibia, and was formerly used as a remedy in 
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varioiu ditieaBea. A nearlj' allied epeciea is the blue-tailed Lizard 
{Scincu» fagdatue) ol the United States, 

The Geckos (Oectiitida) form a large group at night- loving Lizards, 
which are found iit most parts of the world, and chiefly deserve 
notice from the fact that their eyes are not provided with movable 
eyelids (fig. liW). The CharaselonH, also, cannot be said to possess 
movable eyelids, for the eye ia covered with a single lid, leaving only 
a central aperture for the pupil. The common species {CAamaleo 
Africannt) occurs abundantly in the north of Africa, and has long 
been known for the changes of colour which it has the power of ex- 
hibiting. It is a sluggish animal, and catchea insects by darting out 
ita long and worm-like tongue with extreme rapidity. 

Order IV. Crocodilia. 

The last and highest order of the living Beptiles is that of the 
Crocodilia, comprising the Crocodiles, Alligators, and Gaviala, and 
characterised by the following peculiarities ; The outer or integu- 



mentary skeleton consists partly of homy scales developed by the 
outer layer of the skin, and partly of large bony plates produced by 
the inner layer of the skin (fig. 197). The bones of the skull and 
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face are firmly united, and the two halves of the lower jaw are 
joined hy a distinct suture. The teeth form a single row in both 
jawa, and are implanted in distinct and separate sockets. The front 
ribs of the trunk are double-lieaded, and there are no collar-bones. 
The heart consists of four distinct chambers, two auricles and two 
ventricles, all completely separated from one another. The mixture 
of arterial aiid venous blood, however, which is so cliaracteriatic of 
Beptilea, is provided for by a coramunication between the great 
vessels which spring from the two ventricles in the immediate 
neighbourhood of the heart The eyes are protected by movable 
eyelids, and the ear by a movable ear-lid. The tongue is lai^ and 
fleshy, aud is immovably attached to the bottom of the mouth (hence 
the belief of the ancients that the Crocodile had no tongue). Lastly, 
the Crocodilia agree with the typical Lizards, and differ from the 
Snakes in having Eaur 'well-developed limbs. 

The Crocodilia aboimd in the fresh waters of hot climates, and 
are the largest of all living Reptiles, not uncommonly attaining a 
length of sixteen feet or upwards. 

The true Crocodiles have the feet more or less webbed, the hind- 
legs bordered by a fringe, and the fourth tooth in the lower jaw 
received in a notch on the side of the upper jaw. They belong 
mainly to Africa and Asia, but they are also represented in Australia, 
in the West Indies, and in South America. 

The Alligators have the hind-legs simply rounded, and the toes- 
not completely webbed ; while the fourth tooth in the lower jaw 
fits into a cavity in the palate, and is concealed from view when the 
mouth is shut. Like the Crocodiles, they are essentially aquatic in 
their habits, and lie dormant during the winter in cold climates, and 
the hot season in warm countries. They are extremely voracious, 
and live upon fish and small Mammals. The beat-known species are 
the common Alligator (A. Mitsitiippieadt) at the Southern States, the 
Caiman {A. palpel^orm) of Surinam Eind Quiana, and the " Jacar^" 
(A. tderopa) oi South America. 

The Gavial or Gangetic Crocodile occurs in India, and is distin- 
guished by its narrow, elongated jaws, forming a kind of beak. It 
attains a length of more than twenty feet. Closely allied types occur 
in the rivers of North Australia and in Borneo. 
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EXTINCT ORDERS OF KEPTILE& 
Order V. Ichthtoptertoia. 

In thin order are Included « number of giguitic Hsh-like Reptiles, vrbicb ire 
«]1 extinct, and are cboracteriBtic of tbe Secondary period or geology, and 
eepectolly of the fomiation known ae the Lias. The chief charactere by which 
they are di«tinguiebed have reference to their purely aquatic life, for there can 
be no doubt that they were inhabitants of the sea. Thus the body was fish- 
like, without any distinct neck. The verlebrs were hollow st both ends 
{ampAiealout), and the spine thus possessed the fleilliility and power of motion 
socharacteristic of the true Fishes. The limbs also constituted powerful swim- 
ming-paddles, and it is probable that there was a vertical tail-Sn. 

Hncb baa been gathered from various sources as to the habits of the Tchthy- 
Btauri, and their history U one of the most interesting chapters in the geo- 
logical ncord. That they chiefly kept to open seas may be inferred from their 



atroDg and well-developed swimming apparatus ; but the presence of a powerful 
bony arch supporting the fore-limbs proves that they must occasionally have 
betakeu themselves to the land. That they were tenants of stonny waters, or 
were in the habit of diving in search of prey, has been inferred from the fact 
that the eyeball is protected from pressure by a ring of bony plates. That 
they possessed great powers of vision, especially in the dusk, seems to be 
rendered certain from the size of the pupil and the enormoas width of the 
bony cavities (orbits) which contained the eyes. Lastly, that they were car- 
nivorous and predaceous in the highest degree is shown by their wide mouths, 
long Jaws, and numerous powerful and pointed teeth. This is also proved by 
an examination of their petrified droppings, which are known as " coprolites," 
and which contain in abunJance undigested fra,^ments of fishes and other 
marine animals. 

Order VI. SAUROPTBRrGiA. 

The Reptiles belonging to this order agree with the last in being all ertinct, 
and in being confined to the Secondary period of geology. The best known 
are the Pleaioaauri, which resembled the Ichthyoaaari in having alt the liniba 
converted Into swimming-paddles, hut diflered in several respects, of which Uie 
most obvious is the great elongation of the neck (tig. 199). The PUaio»a»r 



were gigantic marine Reptiles, chiefly clisracleriatic of tlie fonnationa known 
■B the Lias and Oolites. As reganls the hobita of the FlesioiaurHa, Dr Cony- 
beare concludes: " That it was aquatic ia evident from the farm of its paddles ; 
tliat it was manue i^ almost equally so from tbe remains with whiuh it is uni- 
versally associated ; that it may have occasionally visited the shore, the resem- 
hlance of its extremities to those of tho Turtle may lead us to conjecture ; its 
movements, however, must have been very awkward on land ; and its long neck 
must have impeded its progress through the water, presenting a striking con- 
trast to the organiwtion wbich so admirably lits the Ichthyosaiims to cut 



through the waves." As its breathing'Organs are such that it must of neces- 
sity have reqnired to obtain air frequently, it may be inferred " that it swam 
npon or near the surface, arching back its long neck like a swan, and occasion- 
ally darting it down at the fish which happened to float within its reach. It 
may perhaps have lurked in shoal-water along the coast, concealed amongst 
the sea-weed, and, raising its nostrils to a level with the surface from a con- 
siderable depth, may have found a secure retreat from the assaults of powerful 
enemies ; whilst the length and flexibility of its neck may have compensated 
for the want of strength in its jaws aud its incapacity for swift motion throiigh 
the water." 

Order VII. Pterosauma. 

The Reptiles of this order are all ertincl, and, like those of the precediug 
ordera, are eiclnsively confined to the Secondary period of geology. The most 
femiliar examples are the so-called PterodaclyUi, and the distingniahing char- 
acters of the order have reference to the fact that they were all adapted for an 
aerial life. They present, in fact, an extraordinary combination of the charac- 
ters of Birds and Reptiles, and they make also some appreacli to the Mammalian 
order of the Bats. In the presence of teeth in distinct sockets, and, as we shall 
see hereafter, in the stmcture of the fore-limbs, the Pterodactyles differ alto- 
gether from all living birds ; and there can be little doubt as to their beii^ 
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genuine reptiles. Tbe only livinp; Reptile which his any power of sustaining 
ilEdir in the air a the Flyiug Dragou (Draco), which has been previously men- 
tioned. In this caae, however, the animal has no power of true flight, but it 
simply enabled to take eit«nsive leaps by means nf a membranous expaouon 
OB each aide of the body. Jn the Bats, again, the power of genuine flight is 
present ; and this given by means of n leathery membrane which is supported 
chiefly by certoin of the fingers — which are greatly lengthened—and is attached 
to the sides ofthe body and hind-limba. 

In the Pterodactyles the power of tnie fligbt was present ; and this was also 
conditioned by means of a leathery expanded membrane, attached to the hind- 
limbs, the sides of the body, aod the fore-limbs. In this case, however, the 
chief support of the flying membrane was derived from the outermost finger 
of tbe fbre-linib, which was enormously elongated (tig. 20fl). That the Ptero- 



dactyles passed their eiislence oliiefly in the air, and did not simply leap fttMn 
tree to tree, is shown by two charact«ra in which they agree with the flying 
bu^B, Many of the bones, namely, were " pneumatic "—that is to say, wew 
hollow, and were filled with air. Secondly, whilst the ahoulder-girdle bos 
many of the characters of that of birds, the breast -bone («ie™um) is fur- 
nished with a prominent ridge or keel, serving for the attachment of the great 
muscles which work the wings. Tliere can be no doubt, therefore, as to the 
Pterodactyles having enjoyed the power of genuine SiRht Many of them 
attained no great size, but some of them most have been gigantic, the eipanoe 
of wing iu one speciea having been calculated at probably about tweDty-uven 
teet from tip to tiji. 

^.ooslc 
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Order VIII. Akomodontia. 



This order has been fonaded for the reception of a number of fossil Beptilea 
belongiog to the period of the New Red Sandstone, all of which seem to hare 
been adapted for walking upon the dry land. They were either destitute of 
teeth — JD wtiich case the jaws aeem to ^ave constituted a beak, like that of a 
Turtle— <ir they possessed two great tnsk-like teeth in the upper jaw (aa ia the 
case in IHcynodon), 

Ordbr IX. Dbinosauria. 

Tlie Reptiles of this order resemble the preeediug in being adapted for walk- 
iog upon the dry land; and they are confined to the Secondary period of geolo- 
gists. They were mostly of large size, and the structure of the hind-limb is in 
some respects singularly similar to the conformation of the same part in the 
great wingle-ts birds, such as the Ostrich tCuraitrea). The foie-limbs are in 
many instances so small, that these extinct Keptilus must have walked upon 
their hind-legs alone. The teeth are mostly adapted for an animal diet ; but 
In some cases the animal must hare lived upon vegetable food. The most 
Important gronps comprised in this order are Iguanodon, UegalomiKrai, and 
SadrotauTut. 

Order X. Theriodoktia. 

This order has been recently established by Professor Owen for the reception 
of a Dumber of extinct Reptiles from the New Red Sandstone. They present 
some singular resemblances to the ordinary Beosta of Prey (Carnivora), tliis 
resemblance being espe<aally seen in the fact that their teeth were arranged 
in three distinct sets — incisors, canines, and molars ; and the oanhie teeth were 
of large size and pointed, adapting their possessors for a predaceous and car- 
nivoroDS mode of life. 
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CHAPTER XXVIII. 
ClJiSS IV. AVES. 



Thb fourth class of the Vertebrates is tUst of the Eirds or Avet, 
which may be ihortly defined as being "oviparous Vertebrates, 
with warm blood, a double circulation, and a covering of feathers " 
(Owen). The other leading characters which separate the Birds 
from the other Verteirata are, that the red blood-eorpuactes are 
nucleated ; the skull articulates with the spine by a single articulate 
ing surface (or condyle) i the breathing- organs are in the form of 
lungs, which communicate with a variable number uf air-saca 
scattered through the body ; and the fore-limbs are never termin- 
ated (in existing birds) by more than two fingers, ending in claws, 
and are generally modified so as to form " wings " or organs of 
flight 

The feathers, which form such a distinctive character of birda, 
are formed by a modification of the outer layer of the skin (epider- 
mis), and from their non-conducting nature they serve to maintain 
the high temperature of the body which is so characteristic of the 
class. A typical feather (fig. 201), such as one of the long feathers 
of the tail or wing, consists of the £pllowiug parts: 1. A homy 
cylindrical tube, which forms the lowest portion of the feather, and 
is termed the "quill." 2. The "shaft," which forms the central 
axis of the feather, and which is simply the continuation of the 
"quill." The under surface of the shaft is always marked by a 
strong longitudinal groove, and it consists of a homy sheath, filled 
with a, white spongy material, not unlike the pith of a plant. 3. 
The "webs," which form the lateral expansions of the feather, and 
are attached to the sides of the shaft. Each web is composed of 
a number of small branches, called the " barbs " ; and each barb, 
in turn, is furnished with a series of smaller fibres called the " bar- 
bules." As fi rule, the barbs are all kept in connection with one 
anotlier by means of the barbules, the ends of which are hooked. 
Towards the base of the shaft, however, the barlw are usually more 
or less separate and placed at a distance from one another, con- 
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stituting what is known aa the "down, 
birds allied to them, all the barba a 
distance, atid they are often not at 
all unlike hairs in appearance. The 
feathers of Birds not only greatly 
conduce to the high temperature of 
the body, but also serve to keep out 
moisture, to which end there is a 
peculiar oil-gland at the base of the 
tail, with the secretion of which the 
bird anoints its plumage. 

The skeleton of Birds exhibits many 
points of peculiar interest, mostly in 
adaptation t^ an aerial mode of life ; 
but only some of the more important 
of these can be noticed here. The 
entire skeleton is at the same time 
peculiarly compact and singularly 
light, the compactness being due to 
the presence of an unusual quantity 
of phosphate of lime, and the hght- 
ness to the fact that many of the 
bones are filled with air in place of 
marrow. The cervical region (neck) 
of the vertebral column is unusually 
long and flexible, since the fore- limbs 
are useless as organs of prehension, 
and ail these functions have to be 
performed by the beak. In all Birds 
the neck is, at any rate, sufficiently 
long to allow of the application of 
the beak to the tail, so as to permit 
of the cleaning and oiling of the 
whole plumage. The vertcbrte which 
form the back or dorsal region of the 
spine are generally more or less im- 
morably connected together, so as to 
give a base of resistance to the wings. 
In the Ostrich, however, and in other 
birds, in which tlie power of flight is 
either very limited or is absent, the 

dorsal vertebne are more or less movable one upon the other. The 
vertebrte which follow the dorsal region of the spine are all amalga- 
mated together to form a single bony mass, which is termed the 
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"sacnim" ; and this, in turn, ia united on both aides with tUo bones 
which form the pelvic areh, which carries the hind-limbs. Tha 
vertebrae of the tail are more or less movable upon one another; 
and in almost all living birds, when fully grown, the last joint of 
the tail {fig. 204, B, ») is a longj slender, ploughshare- shaped bone, 
which is really composed of several vertebrae united together. It 
is usually set on at an angle nearly perpendicular to the axis of 
the body, and it serves to support the great tail-feathers, which act 
as a rudder during flight It also serves to support the oil-gland, 
which supplies the secretion with which the feathers are lubricated. 
The skull in Birds has its several bones generally so amalgamated 
in the adult, that it forms a bony case in which the sutures can no 
longer be recognised. The head is jointed to the spine by no more 
than a single articulating surface or condyle. The beak, which 
forms such a conspicuous feature in Birds, is composed of two 
halves, an upper half or "upper mandible," and a "lower mandi- 
ble." The lower mandible, like the lower jaw of all the Saurop- 
tida, is at 6rst composed of several pieces, but these are all undis- 
tinguishably united in the adult, and the two halves of the jaw 
are also amalgamated together. In no livinff Bird are te^k ever 
developed in either mandible ; but both mandibles are sheathed in 
horn, constituting the " beak," and the margins of this sheath are 
sometimes serrated. In some curious fossil Eirds, however, there 
are teeth in tlie jaws. The lower jaw is articulated to the skull 
by the intervention of a movable "quadrate bone." In many 
Birds, also, the upper mandible of the beak is so joined to the skull 
as to be capable of movement 

The most characteristic points, however, in the skeleton of the 
Birds, are to be found in the structure of the limbs. The cavity 
of the chest or thorax is bounded behind by the dorsal vertebrte, 
on the sides by the ribs, and in front by the breast-bone or ster- 
num. The ribs vary in number from seven to eleven pairs, and in 
most Birds most of the ribs give off a peculiar process (" uncinate pro- 
cess," fig. S02, B) which passes over the rib next in succession behind. 
In front the ribs are jointed to a series of straight bones, which are 
called the "sternal ribs," and these, in turn, are movably articu- 
lated to the breast-bone in front. According to Owen, these ster- 
nal ribs are "the centres upon which the respiratory movements 
hinge." In front the cavity of the chest is completed by an enor- 
mously expanded breast-bone or stemam (fig. 202, A), which, in most 
birds of any powers of flight, extends more or less over the abdom- 
inal cavity as well The sternum of all Birds which possess the 
power of flight is characterised by the presence of a prominent 
ridge or "keel" (fig. 202, A, b), to which are attached the great 
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muscles (pectoraJ musclea) which moTe the wings. As a general 
rule, the size of this crest or keel gives a tolerably just estimate 
of the ftyiug powers of the bird to which it belonged. The keel is, 
of course, moat largeSy developed in those birds which possess the 
power of flight in its greatest perfection ; and in certain birds which 
do not Ay, such as the Ostrich, there is no sternal keel at all. The 
pectoral arch or ahoulder-girdle of birds, consists of the shoulder- 
blades {tcapvlce), the clavicles or collar-bones, and of two bones, 



Fig. SOL— A, Breiwt-bODa. nhuulder-glrdle, and fore-liiqb or Ferguln (tllet Owen): b 
BraBt-bone (ttenunX with iU ijroininent ridge or keel; i i Shoulder - blad» 
{aotinclii) , k k Concold bonca ; c Furculnm or nieny.thoaght, coiriposed of the 
1Ini(«d collar - bones (davtclrs) ; h Bone of tba upper sna or Aunmu, r Radius, 
and « Ulna, rtarmlng together the fore-arm ; g Bones ot the wrlat or mrpiu; I 
Thninbl nHetacsrpua: p Fhaluigei or the finiiers. B, Ribi oC the Golden Eagle : 
a xBihe giving oifproceBBeB(b»); c c Bternal Ribs. 

which are distinct in Birds, and are called the "coracoid bones.' 
The shoulder-blades (» ») are usually long and narrow bones. The 
coracoid bones (i i) correspond with the part of the shoulder-blade 
which is known in most of the Mammals as the "coracoid pro- 
cess " ; and in Birds they are not only separate bones, but they are 
the sti>ongest bones of the pectoral arch. They are more or less 
nearly vertical, and they forui fixed points for the downward stroke 
of the wing. The collar-bones or clavicles (c) in the great majority 
of Birds are united together in front, so as to form a somewhat V- 
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shaped bone, which is technicall;^ called the " f urculum," but is 
familiarly called the "merty thoiight." The function of this cla- 
vicular arch ia to keep the wings asunder during their downward 
stroke, and the strength of the furculum varies, therefore, with the 
powers of flight enjoyed by each bird. The bones which form the 
limb proper, or "wing," are considerably modified to suit the 
special function of flight, but essentially the same parts are present 
as in the fore-limb of the Mammals. The upper arm (fig. 203} is 
constituted by a single bone, the humerus (h\ which is generally 
short and stout. The fore-arm 
is composed of two bones, the 
radiat (r) and the ulna (»), of 
which the ulna is the bigger. 
These are followed by the 
small bones, which form the 
wrist or carpus (5), but these 
are reduced to (ioo in number. 
The carpus is followed by the 
bones which constitute the root 
of the hand or Tnetacarpm (m), 
but these are also reduced to 
two, instead of being five in 
^ number, as they are in most 
Mammals. The two metacar- 
pal bones are also amalgamated - 
^ together at both ends, so as to 
form a single piece, at the base 
at which, on its outer side, 
is a rudimentary digit, the 
"thumb" ((), which cai-ries a 
— tuft of feathers, known as the 

Fig. 203.-Fore-linib of th* jfT-fticon. h >< bfmtard wing." The meta- 

fflMetI^a^X»™hyk«<l''t their «'b«ili. '^'V^ >»"es. finally, support 
ities; ppPhaJangeaof flngfrs. each a single finger (p), of 

which one is never composed 
of more than one bone or p/uUanj:, whilst the other is composed ot 
two or three phalanges. (To undei'stand thoroughly the leading 
modifications of the limbs of Birds, the student will do well to refer 
to the general description of the limbs of Vert«brates, pp. 222, 223, 
figs. 160, 161.) 

As regards the composition of the hind-limb in Birds, the two 
halves of the pelvic arch {i.e., the innowi«a(e bon4i) always foi-m a 
single piece each, and they are always firmly united with the sacr^ 
region of the spine. With the single exception, however, of the 
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Ostrich, tliey do not unite below, but remain separate. As in the 
higher Vertebrates, the lower limb consists of a thigh-bone {feiaw), 
a shank, composed of two bones {tibia and Jiinda\ a tarsus, a metn- 
tarsus, and phalanges, but some of these parts are obscured by 
coalescence. The thigh-bone or femur {fig, 204, /), is generally 
very short, comparatively speaking ; and the chief bone of the teg 
is the tibia {t), to which a thin and tapering fbida (r) is attached. 




I 



Fig. S(I4.— A, Pelvis and bonia of tli« leg of lie Loon ot Diver fnfler Owen) : i Innomi- 
nate bone ; /Thlgli-bone C/n""-) ; 1 Ttliii ; r Kibul^ together rormlng the ahank ; 
m Ttno - DieUUraus ; p Phalftngei of the toes, fi, Tall of Idle Oolden Eagle : ( 
Ploughshare-Bhaped bone, cattying the groat tall-feaUiers. 

In the regular typical limb of a Vertebrate animal the tibia and 
fibula would be followed by a series of small bonea, called the 
tarwat, constituting the ankle-joint (fig. 161); and the tarsus would 
in turn be followed by a series of bones constituting the root of the 
foot, or metatartut. In Birds, however, the tibia and fibula are 
followed by a single cylindrical bone, which is called the "tarso- 
metatarsus " (m), and which is formed by the amalgamation of the 
three principal metatarsal bones with the lower row of tarsal bonea, 
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the metataraol bone of the great toe being, when present, distinct 
and rudimentary. The upper portion of the tarsuB is amalgamated 
with the lower end of the tibia, to which, therefore, the name of 
"tibio-tareus" is often applied. The ankle-joint is thus placed in 
the middle of the tarsus. In most of the long-Ie^ed birds it is 
by the great elongation of the tareo-metatai-BUS that the enormous 
length of the legs is produced. The tarso- metatarsus is followed 
below by the foot, which consiata in most birds of four toes, of 
which three are directed forwards and one backwards. In no wild 
Birds are there more than four toes ; but some domesticated varie- 
ties possess a fifth. In all birds with four toes, the toe wtucb is 
directed backwards (the great toe or " hallux ") consists of two pha- 
langes ; the innermost of the three forward toea has usually three 
phalanges, the next has four, and the outermost toe is composed' 
of five. In many Birds, such as the Parrots, the outer toe ia turned 
backwards, ho that there are two toes in front and two behind. In 
the Swifts, again, all the four toes are turned forwards. In many 
of the Swimming Birds {Natatores) the hinder toe is wanting or 
rudimentary ; and in the Ostrich both this and the next toe are ab- 
sent, so that the foot consists of no more than two toes. 

The digestive system in Birds consists of the beak, tongue, gullet, 
stomach, intestine, and cloaca, with certain accessory glands. There 
are no teeth, and the beak is employed, in different birds, for holding 
and tearing the prey, for prehension, for climbing, and in some cases 
as an organ of touch, being in these last instances more or lem soft, 
and supplied with nervous filaments. In many Birds, too, the base 
of the bill is surrounded by a circle of naked skin, constituting what 
is called the " cere," and this too serves as an organ of touch. The 
tongue of birds can rarely be looked upon as an organ of taste, since 
it is generally cased in horn, like the mandibles. It ia principally 
employed as an organ of prehension, but it is soft and fleshy in the 
Parrots, and in them, doubtless, acts as an organ of taste. Salivary 
glands are always present, but they are rarely of large size, and are 
often of extremely simple sti-ucture. In accordance with the length 
of the neck, the gullet is usually very long in birds, and is generally 
veiy dilatable. In the flesh-eating and grain-eating Birds the gullet 
is dilated (fig. 205, c) into a pouch which is called the " crop," and 
is situated in the lower part of the neck, just in front of the merry- 
thought. This may be simply a dilatation of the tube of the gullet, 
or it may be a single or double pouch. The function of the crop is 
to detain the food, for a longer or shorter period according to ito 
nature, before it is submitted to the action of the proper digestive 
oi^ns. In the Pigeons, the food which has been previously softened 
in the crop is returned to the inouth, and supplied to the young in 
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a state suitable for digestion. The gullet, after leaving the crop, 
abortly opens iato a aecond cavity, called the " pro ventri cuius," 
vhich ia the true digesting stomach, and is richly supplied with 
glands which secrete the digestive fluid or gastric juice (p). This, 
in turn, opens into a muscular cavity which is called the "gizzard" 
{</), and which leads into the commencement of the small intestine. 
The cliaracters of the gizzard Tary with the nature of the food. In 
the Birds of Prey, which live on an easily digested animal diet, the 
walls of the gizmrd are thin and membranous. In the grain-eating 
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Birds, such as the Fowls, whose hard food requires to be crushed 
before it can be properly digested, the walls of the gizzard are 
extremely thick and muscular, and the inner lining is hard and 
homy. In these Birds the gizzard constitutes a Wind of grinding 
apparatus, like the stones of a mill; whilst the "crop" may be 
compared to the " hopper " of the mill, since it supplies to the 
gizzard " small successive quantities of food as it is wanted " (Owen). 
Tlie grinding action of the gizzard is further assisted by the small 
pebbles and gravel which, as is well known, so many birds are in 
the habit of swallowing. These pebbles take the place of teetli, 
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and there can be no doubt that they are in many caaes essential to 
health, thebii-d being otherwise unable to triturate itafood properly. 
The intestinal caual extends from the gizzard to the cloaca (cl), and 
is comparatively short. The seci'ctions of the liver and pancreas 
are poured into the commencement of the small intestine. The 
commencement of the lai^ intestine is furnished in most Birda 
with two blind tubes or " cteca " (i). These vary considerably in 
length in different Birds, and are sonietimes wanting ; whilst their 
exact function is still questionable. The large intestine is seldom 
more than a tenth part of the length of the body, and is generally 
conducted straight fi-om the caeca to the cloaca. The cloaca is a 
common cavity which in Birds, as in Reptiles, receives the termina- 
tion of the intestine and the ducts of the generative and urinary 
organs (c^. 

Retpiration is effected in Birds more completely, extensively, and 
actively than in any other class of the Yertebrata, and, as the result 
of this, their average temperature is higher than in any other Verte- 
brates. This extensive development of the respiratory process is 
due to the fact that air is admitted in Birds not only to the lungs, 
but also to a series of air-receptacles which are scattered through 
various parts of the body, and to the interior of a greater or less 
number of the bones. The lungs are two in number, of a bright-red 
colour, and spongy texture, and they are confined to the back part 
of the chest. They differ from the lungs of Mammals in not being 
freely suspended in a membranous bag ij>ley,ra\ but in being 
fixed to the back wall of the chest. The thoracic and abdominal 
cavities are not separated from one another by a complet* partition 
(midriff or diaphragm) as in the Mammals, but the common thoracico- 
abdominal cavity is subdivided by means of membranous partitions 
info a series of cavities or sacs, which are termed the "air-reoep- 
tacles." These air-sacs are filled with air from the lungs, and vary 
considerably in size in different Birds. They not only serve greatly 
to reduce the specific gravity of the body, but also assist lai'gely in 
the aeration of the blood. Connected with the air-receptacles, and 
supplementing their action in both of these respects, is a series of 
cavities occupying the interior of a greater or less number of the 
bones, and also containing air. In young birds these air-cavities in 
the bones do not exist, and the bones are simply filled with marrow, 
OS in the Mammals. In the Penguins, which do not fly, none of 
the bones contain air-cavities or are " pneumatic " ; and in the 
Ostrich only a few of the bones contain air. In the Pelican and 
Gannet all the bones of the skeleton, except the phalanges of the 
toes, are permeated by air ; and in the Horubill even these are 
pneumatic 
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The ketxrt in &I1 Birds consiats of four chambers, and the two sides 
of the heart are completely separated from one another. In all 
esseDtial details, as regards the structure of the heart and great 
vessels, and the course of the circulating fluid, Birds agree with 
Mammals. Tlie impiire veoous blood which haa travened the 
body, is returned by the great veins to the right auricle. From 
the right auricle it passes into the right ventricle, from which it is 
driven by the pulmonary artery to the lungs. Having been sub- 
mitted to the action of the air contained in the lungs, and having 
been thereby changed into arterial blood, the blood is sent back to 
the left auricle by means of the pulmonary veins. Thence it passea 
into the left venti-icle, by which it is again propelled throughout the 
whole body, to retiu'ii again as venous blood to the right side of the 
■heart. The heart, therefore, of Birds, differs from that of Reptiles in 
consistiag of two sides, each composed of an auricle and ventricle, 
the right aide being wholly concerned with sending tbe venous 
blood to the lunge, and the left side being entirely occupied with 
sending the arterial blood to the body. The right side of the heart 
is therefore venous, the left side arterial. In all fieptiles, on the 
other hand, the two circulations — namely, that through the lungs, 
and that through the body — communicate with one another, either 
in the heart itself or in ita immediate neighbourhood ; so that botik 
the lungs and the body are supplied with a mixture of venous with 
arterial blood. Though the heart of Birds resembles that of Mam- 
mals in general structure, its cavities are " relatively stronger, their 
valvular mechanism is more perfect, and the contractions of this 
oigan are mote forcible and frequent in Birds, in accordance with 
their more extended respiration and their more energetic rauscular 
actions " (Owen). The urinary organs of Birds consist of two elon- 
gated kidueys, which open by means of their ducts (the ureters) 
into the cloaca, along with the termination of tbe intestine and the 
ducts of the reproductive organs. As a general rule, the female 
bird is provided with only a single ovary — that of the left side — 
and ail Birds, without exception, are oviparoua. The egg ia always 
encloaed in a calcareous shell, and is mostly developed after expulsion 
from the body, by the process of " incubation " or " brooding " — a 
process for which birds are especially adapted, in consequence of their 
very higli average temperature. The young bird, when ready for an 
independent existence, perforates the shell by means of a temporary 
calcareous excrescence developed upon the point of the upper 
mandible of the bill. In some Birds, mostly in the case of those 
which live upon the ground, the young are able to run about and 
look for food directly after they come out of the egg {Ave* pnxcocei), 
a FowL In most Birds, however, the young 
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are liberated from the egg in a perfectlj helplesa and naked con- 
dition, and require to be fed by their parents for a longer or shorts' 
time, before they are able to take care of themselves. Moat of 
these Birds {A'i>e» altricei), such as our common Song-birds, reside in 
trees, and build more or less elaborate nests. 

Aa regards thdr nervoui tyttem, the brain of Birds is relativelj 
larger than the brain of Beptiles, but it is destitute of thoee folds or 
convolutions which form so marked a feature in the brain of most 
Mammals. The organs of sense, with the exception of touch and 
tast«, are well developed in Birds, vision especially being generally 
extremely acut«. The eyes are always well developed, and in no 
Bird are they ever wantiiig or rudimentjuy. The chief peculiarity 
of the eye of Birds is, that its anterior portion {cornea) forms the 
segment of a much smaller circle than does the eyeball proper ; so 
that the whole eye aeaumes a conical shape. Another peculiarity is, 
that the form of the eye is maintained by means of a circle of from 
thirteen to twenty bony plates, which are plaeed in the front portion 
of the fibrous coat of the eye (Klerotic). Eyelashes are almost uni- 
versally absent ; but in addition to the ordinary upper and lower 
eyelids, Birds posBesa a third membranous eyelid — the membrana 
nictitaita — which is pLiced on the inner side of the eye. This nictitat- 
ing membrane is sometimes transparent, sometimes pearly white, 
and it can be drawn over the front of the eye like a cui^n, mod- 
erating the too great intensity of the light As regards the organ 
of hearing, the chief point to remark is, that Birds possess no external 
ear, by means of which the undulations of sound can be collected 
and transmitted to the internal ear. In some Birds, however, as the 
Ostrich, the external opening of the ot^n of hearing is provided 
with a circle of feathers, which can be raised and depressed at will. 
In the nocturnal Birds, also (such as Owls), the external opening of 
the ear is protected by a musculo-membranous valve, foreshadowing 
the gristly external ear of Mammals. The sense of smeli is appa- 
rently seldom very acute in Birds ; and even the Birds of Prey appear 
to seek their food mainly by the sight. The external nostrils are 
usually placed on the sides of the upper mandible, near its base, and 
form simple perforations which sometimes communicate from side 
to side. In the curious Apteryx of New Zealand, the nostrils are 
placed at the extreme end of the elongated beak. Sometimes the 
nostrils are defended by bristles, and sometimes by a cartilaginous 

Before passing on to a consideration of the divisions of Birds, a few 
words may be said on the mignUtont of Birds. In temperate and 
cold climates, only certain birds remain constantly in the same r^on 
in which they were originally hatched. Those which do so are called 
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" Permanent Birds" {avet manentai). Other Birds, such as the Wood- 
peckers, migrate from place to place without following any very 
definite course. These are called " Wandering Birds " {avei erratic<e\ 
and their movements are chiefly conditioned by^ the scarcity or 
abundance of food in any particular locality. Other Birds, however, 
at certain seasons of the year, undertake long journeys, nsnally 
uniting for this purpose into larger or smaller flocks. Sueli birds — 
of which the Swallows are a familiar instance— are properly called 
" Migratory Birdd " {avet migratoria) ; and their movement are con- 
ditioned by the neceaaity of having a certain average temperature, 
without which thej cannot live, and also by the necessity of finding 
a climat* suitable for the bringing up of the young. Thus the 
Migratory Birds of cold regions, when the cold season comes on, 
travel to warmer countries ; but when the hot season of these regions 
approaches, they migrate back again to temperat« zones. 
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CHAPTER XXIX. 

DIVISIONS OF BIEDS. 

Birds may be variously divided, but for our present purpose it ia 
most convenient to regard them as divided into the following three 
great primary divisions or sub-clasaes : — 

1. BatitjB. — This division comprises the Bunning Birds, which 
cannot fly, such as the Ostriches, Emeus, and Cassowaries. It is 
characterised by the fact that the sternum has no median ridge or 
keel for the attachment of the great pectoral muscles. The sternum 
ia therefore ratt-like (Lat, rates, a raftX hence the name given to 
this section. The barbs of the feathers are separate. 

2. Cabinat^ — This comprises all living Birds except the preced- 
ing, and is characterised by the fact that the stemiim is furnished 
with a prominent median ridge or keel (carina) ; hence the name 
applied to the division. Under this head are included six smaller 
divisions or orders. 

3. ODOKToRBiTMEa — This sub -class comprises three orders of 
fossil Birds, the essential characteristic of which is that they pos- 
sessed true teeth, sunk in distinct sockets or grooves in the jaws. 

SUB.CLASS I. RATIT^ 
Order Cursoreb. 

The Bunning or Cursorial Birds, comprising the Ostj^ch, Casso- 
wary, Emeu, Bhea, and Apteryx, are characterised by the rudi- 
mentary condition of the wings, which are useless as organs of flight, 
and by the compensating length ajid strength of the legs. In ac- 
cordance with this condition of the limbs, the boues have few air- 
cells, and the breafit-bone is destitute of the prominent ridge or keel- 
to which the great muscles of the wings are attached (Ug. S06, A). 
The two sides of the pelvis are united together below in tiie Ostrich, 
and in all the pelvic arch has great strength and stability. The l^a 
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are extrem'sly powerful, and the hinder toe is wanting in all except 
the Apteryx, in which it is present in a rudimentary condition. The 
front toes (fig. 206, C and E) are either two or three in number, and 
are fumiahed with strong bltiiit claws or uails. The feathers present 
the remarkable peculiarity that the ba.rbs, instead of being connected 
by means of the barbules, are disconnected and separate from one 
pother, thus coming to resemble hairs in appearance. 

The African Ostrich (Struihio camelia), which is one of the best- 
known members of this order, inhabits the desert plains of Africa 
and Arabia, and is the lai^est of living birds, attaining a height of 
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from six to eight feeL The head and neck are nearly naked, and 
the quill-feathers of the wings and tail have their barbs wholly 
separate, constituting the ostrich-plumes of commerce. The legs 
are extremely strong, and the feet have only two toes each. The 
Ostriches run with extraordinary speed, and can outstrip the fastest 
horse. They are polygamous, each mate having several females, 
and they keep together in larger or smaller flocks. The American 
Ostriches or Eheaa are much smaller than the African Ostrich, and 
have the head feathered, whilst the feet are furnished with three 
toes each. They inhabit the great plains of tropical America, and 
are polygamous. The Kmeu (Ihomaiiu) is exclusively confiued to 
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Austtaiia. In eize it nearly equals the African Ostrich, standing 
from five to seven feet in height, and it is not uncommonly kept as 
a domestic pet. The Cassowaries are found in the Malayan Archi- 
pelago, North Australia, and New Guinea. The best known is tJie 
Galeated Cassowary which was first brought aiive to Europe by the 
Dutch. It st«nds about five feet in height, and possesses a singular 
horny crest upon the head. The last group of the living Cursorial 
Birds is the curious genus Aptei-yx of New Zealand. In the species 
of this remarkable genus (fig. 207) the beak is extremely long and 
slender, and the nostrik are placed at the extremity of the upper 
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mandible. The legs are comparatively short, and there is a rudi- 
mentary hind-toe, provided with a claw. The feathers of the gen- 
eral plumage are long and hair-tike, and the wings are altogether 
rudimentary. 

It is worth noting th&t in New Zealand are found the remains of 
a number of gigantic Cursorial Birds which are now extinct, but 
which seem to have been in existence when the island was first in- 
habited by man. They are known to the Maories as " Moas," and 
the princijial genus is DiiuymU. 

In very many respects the various Birds which are here included 
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in the order Ourtora, are bo different from one another, that they 
may be regarded as forming divisions of equal, or uearly equal, value 
to the " orders " which form the Bub-clasa Carinatx. 



SUBCLASS II. CARINAT.*l 

This sub-ulasa includes all the living Birds which have the power 
of flight, and it therefore comprises the great majority of the entire 
class of Avet. The Cbjinate Birds, however, are so simiUr to one 
another in their general characters that they can with difficulty be 
split up into minor sections. For our present purpose, however, 
we may divide them into the six orders of the Swimming Bii-da 
(yatatores), the Waders (Omllaiores), the Scratchers (Rasorei), the 
Climbers (SeanM^ei), the Perchers (Inteieoreg), and the Birds of 
Prey (RapioreiX which orders are more or less natural groups, with 
the exception of the order Scansoret. 

Order I. Natatokes. 

The order of the Swimming Birds comprises birds which are as 
much at home in the water an upon land, or even more so. lu 



accordance with their aquatic mode of life, the ffatatoret have 
a boat-shaped body, generally elongated, and usually having a 
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long neck. The legs are short, und are placed behind the centre of 

gravity of the body i this position enabling them to act admirably' 
aa swimming paddles, at the same time that it renders the gait upon 
dry land comparatively awkward and shuffling. The toes in all 
the jfatatoret are teebbed to a greater or less extent, or, in other 
words, are united by a membrane (fig. 208, B). In many the web 
or membrane between the toes is stretched completely from-toe to 
toe, but in others the membrane is divided between the toes, so that 
the feet are only imperfectly webbed. As their aquatic mode of 



Fij!. 2C0. — F«[^iiin (Ai/ttiioilf/ltt fatagoTH&i). 

life exposes them to great reductions of temperature, the body in 
the Natatorial Birds is closely covered with feathers, with a thick 
covering of down next the skin. They are further protected against 
becoming wet whilst in the water by the great development of the 
oil-gland at the tail, by means of which the dense plumage is kept 
constantly oiled. Aa a rule, the Natatorial Birds are polygamous, 
each male having several females ; and the young are hatched in a 
condition not requiring assistAnce from their parents, being able to 
swim about and procure food for themselves as soon as they are 
liberated from the egg. 
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Amongst the more important types of the NaUUore* may be enu- 
metated the Penguins {Spheaiicida), the Auks {Alcttla), the OuUa 
and Terns (Zoru&e), the Petrels {ProcellaricUe), the Pelicans {Fdi- 
camai), the Cormorants {Pkalacrocora£), the Gannets {Snia), the 
Ducks {Anatidie), the Geese {Angerinx), and the Swans (Ci/gnida). 

The Penguins and Auks, with their allies the Divers, Guillemots, 
and Grebes, have rudimentarj, or at an; rate small, wings, and are 
all more at home in the water than upon land. In the Penguins 
(tig, 209), the wings are rudimentary, and covered with a Bcalj 
skin. They are used by the bird as fins in swimming under water. 
The Penguins are confined to the southern hemisphere. The Gulls, 
Terns, and Petrels, on the contrary, are all birds of powerful flight, 
and some of them, such as the Albatross, are habitually found hun- 
dreds of miles from the nearest land. The Pelicans, with their 
allies the Coi'morants, Fiigate- birds, and Darters, are excellent 
fliers, and also not uncommonly perch on trees, which few Nata- 
torial birds do. They are distinguished by having the hinder too 
directed inward, and united to the innermost of the front toes by a 
continuous membrane. The Ducks, Geese, and Swans have the bill 
very much flattened (fig 208 A), and covered by a soft skin. The 
edges of the bill are also furnished with a series of transverse plates, 
which form a kind of fringe or "strainer," by means of which these 
birds sift the mud in which they habitually seek their food. 

Order II. Grallatorbs. 

The Wading Birds tor the most part frequent moist situations, 
such as marshes and shallow ponds, the shore of the sea or the banks 
of rivers or lakes, though some of them keep entirely, or almost 
entirely, to the dry land. In accordance with their semi-aquatic, 
amphibioiw habits, the Waders are distinguisiiod by the great length 
of their legs — the increase in length being chiefty due to the elonga- 
tion of the tarao-metatarsus. The legs (flg. 210, A) ai'e also un- 
feathered and naked as far as the lower end of the tibia, at any rate. 
There are three anterior toes, and usually a short hind-toe ; but the 
toes are never completely webbed, though they are sometimes par- 
tially palmate. The wings are long, and the power of flight is 
usually considerable ; but the tail is very short, and its function as 
a rudder is chiefly transferred to the long legs, which are stretched 
out behind in flight. The beak is almost always of great length, 
generally longer than the head (fig. 210, B), and asually more or less 
pointed, though it is sometimes flattened. In the Avocet (C) the 
bill is curved upwards, instead of being straight, or bent down- 
wards, as is generally the case. The typical Waders, as before said, 
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■pend tnoBt of their time wading about in shallow water, feeding 
upon small fishes, shell-fish, worms, and insects. Others, such as the 
Storki, live mostly upon the land, and are more or less eicluaivelj 
vegetable feeders. 

Amongst the more important Gralhttorinl birds are the Rails 
{RaUida\ Water-hens {OaUinvlte), Cranes (Qniida), Herons {Ar- 
detda). Storks (Ciconina;), Snipes {Scolopacidte\ Sandpipers {Tria- 
gidte), Curlews (jVu»n«m'u#), Plovers (Charadriidie), and Bustards 

The Bails are more or less terrestrial in their habits, but inhabit 
marshes and fens. Qood examples are the Harsh-hen {Rallut ele- 
gaju) and the Vii^nia Rail {R. virginianvx) of North America, and 
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the Corn-crake (Cra; prateKsia) of Europe. The Water-hens (Oal' 
linula) and Coots (Fulka) are aquatic or semi-aquatic, swinuning 
and diving with the greatest ease. The Cranes are in the main 
vegetable-feeders, and inhabit dry plains. The Herons (fig. 211X 
Egrets, Bittems, and Night Herons, form a beautiful family of Wad- 
ing Biiiis, represented in almost every portion of the known world. 
Nearly allied to these are the brilliantly coloured Ibises {Tantalinai), 
which inhabit all warm countries. The Ciconma are all large birds, 
and comprise the Storks and Adjutant ; while the Spoonbills are 
mainly separated from them by their flattened, spoon-shaped bilL 
The Seolopadda, comprising the Snipes and Woodcocks, the Trin- 
gidce (or Sandpipers), the Curlews (Nameniui), and various other 
allied Birds, are distinguished from the preceding by the possession 
of a long, soft, slender bill, which ts used in probing tlie ground for 
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food. In the ChaTodrUdce are comprised the Oyater-catchers, Turn- 
atones, Lapwings, PlorerB, Thick-knee, and many other familiar 
Birds. Lastly, the <kid^ comprise only the Bustarda, which are ex- 



Pig. !11. — Ornlliilores, Common Hergn (Jrdm cfnErto). 

clusively confined to the Old World, and make a decided approach 
to the Basorial Birds. 

Order III. Rasores. 

The Scratching Birds— or as they are often called, the Gallinace- 
ous Birds — are characterised hy the fact that the upper mandible 
of the bill is convex and vaulted (fig. 213), and has a membranous 
apace at its base, in which the nostrils are pierced. The nostrils are 
also covered by a cartilaginous scale. The legs are strong and mus- 
cular, and are often covered with feathej-s as far as the ankle-joint. 
There are four toes (fig. 212, A), three in front, and a short hind-toe 
placed on a higher level than the others. All the toes, in the typical 
meniberB of the order, are provided with strong blunt claws, suitable 
for scratching. The food of the Itntores consists chiefly of hard 
grains and seeds, and in accordance with this, they have a large 
crop, and an extremely strong and muscular gizzard. They generally 
lay their eggs upon the ground, and they are mostly polygamous, 
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eAch male having several mates. The Doves, however, pftir for life. 
The males take no part id building the nest or in hatehing the eggs ; 
and the young are generally precocious, being able t« run about and 
provide themselves with food from the moment they quit the egg. 
The wings are usually weak, and the flight feeble, and accompanied 
with a whirring sound ; but many of the Pigeons are powerful 

The order Eatoret is divided into two very weU-marked sections 
or sub-orders, called respectively the Gallinacei and Colitmbaca. In 
the OaUinacei are all the 
typical forms of the or- 
der, and the characters 
of this section are there- 
fore the Rame as those of 
the order itself. They 
are distinguished fixim 
the Coiambacei mainly 
by being leas fully adapt- 
ed for flight, their bodies 
being much heavier, com- 
paratively apeak iiig, their 
legs and feet stronger, 
and their wings shorter. 
The hind-toe (great toe) 
is placed on a higher 
level than the three 
front toes (fig 212, A\ 
and merely touches the 
ground in walking. The 
foot is therefore specially 
adapted for living on the 
ground rather than for 
uiTiz\ B perching on trees. They 
root or iiif *^ , * , -, 

are also polygamous ; and 

the males may possess 
"spurs," and are usually more brilliantly coloured than the females. 
The leading families of the Gallinaceous Birds are : 1. The Tcti-a- 
oTiidte, or Grouse family, comprising the true Grouse and Black 
Game {Telrao\ the Ptarmigans {Lagopui), the Rutfed Grouse {Bon- 
aia), &c. 2. The Perdicida or Partridge family, comprising the 
Partridges (Perdix), Quails (Cotarnix), Virginian and Mountain 
Quails (Ort^j-), CresUd Quails {Lophorti/x), &c. 3. The Pkanianidtx, 
or Pheasant family, comprising the various Pheasants {Phagiamu\ 
the Domestic and Jungle Fowls (ffottiM), the Turkeys (Jfefet^rM), 




ng. ill!.— A, Foot of Black-cock (; 
Wood-plgeoD iCoivmba palum^s). 
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the Guinea-fowla (Nkmida), and the Pea-fowl (Pavo), 4. The M«ga- 
podidce, or Mound-builders, comprising only some singulai' Aus- 
tralian and Indian birda, which build euormoua mounds, in which 
they deposit their egga. 5. The Cracidce^ or Curaaaow family, com- 
prising the large South and Central American birds known as 
CuraasowB and Guans. 6. The PteroelidcE, or Sand-grouse, of the 
Old World, which, in their long and pointed wings, make an ap- 
proach to the Pigeons. 7. The Tinamida, or Tinamous, of South 
America, in which the tail is short, or may be wholly wanting. 



Fig. BIS.— Hiaores. Bock pigeon IColumba Ksln). 

The Columbacei comprise the Pigeons and Doves, and they are 
separated from the typical JtoMrei by being much more fully adapted 
for flight. They are furnished with strong wings and are good 
fliers ; and in place of being ground-birds, their habits are generally 
to a great extent arboreal, in accordance with which the feet are 
slender, and are adapted for perching, the gre.it toe being placed on 
a level with the other toes (fig. 212, B). They are also not poly- 
gamous, and their voice is of a much more gentle, soft, and melan- 
choly character. (Hence the name of Oemitores applied to this sec- 
tion, whilst the Go^imocrf are called the CVanwiiwe*.) Besides the true 

- - Joosic 



SOO VERTEBRATE ANIMALS. 

Figeona and Doves, this sub-order includes also the remarkable 
extinct bird the Dodo, which was of gigantic size, comparatively 
speaking, and inhabited the island of Mauritius up to tlie com- 
mencement of the seventiienth century. 

Obder IV". S0ANSORE8. 

The order of Scangoree or Climbing Birds is very shortly and 
easily defined, having no other distinctive and eicluaive peculiarity, 
except the fact that the feet have four toes, of which two are turned 
backwards and two forwards (flg. 214, B). Of the two toes which 
are turned backwards, one is the proper hind-toe, and the other is 
the outermost toe. This arrangement of the toes enables the Scan- 
sorial birds to climb with great ease and readiness. Their powers 
of flight are usually very moderate, and below the general average, 
and their food consists of insects and fruits of various kinds. Their 
nests are usually made in the hollows of old trees, but some 
(Cuckoos) have the remarkable habit of depositing their eggs in the 
nests of other birds. They are never polygamous, and the young 
are bom in a naked and helpless condition. 




Upon the whole, we must regard the order of the ScaJiwret a; 
artificial assemblage, comprising birds which have little i 
save the adaptations which fit them for an essentially scansorial 
life. Bearing this in mind, we may include in the Scantoret the 
following families: 1. The Cucidida, or Cuckoo faniily, comprising 
the true Cuckoos and some allied birds. They are remarkable for 
the fact that many of them are " parasitic " ; that is to say, they lay 
their eggs in the nests of other birds. Tlie yellow-billed Cuckoo 
((?. americania), however, of the United States, builds a nest tor 
itself and brings up its own young, as do others of the family. 
2. The Piddle, or Woodpecker family, comprising many familiar 
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birds, all of whicli climb and run up trees with the greatest facility. 
They live mostly on inaecta, which they catch by darting out their 



Bg. 21!.— The Owl-Parrot iSlrigapi hahnptllia), Nfw Zealsnd. 

long, worm-like, barbed tongue. 3. The Pdttacida, or Parrot family, 
comprising the true Parrots, the Cockatoos, the Lories, the Parra- 



Fig. 219.— He»d of Toucin. 



keets, and the Macaws. They are all natives of hot climates, and 
are mostly remarkable for their btilliant plumage, and loud, harsh. 
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and grating voices. The beak (fig. 215) is hooked, and is used as a 
kind of third foot in climbiog, but aome move about actively on the 
ground. 4. The llhamphaitida, or Toucans, distinguished by their 
enormously large and cellular bills, the sides of which are serrated 
(fig. 216). They live in deep forests, in small flocks, aiid are con- 
fined to tropical America. 5. The Trogonida, or Trogons, which 
inhltbit the most retired recesaea of the forests of the intertropical 
regions of both hemispheres, and are distinguished. by their resplen- 
dent plumage. 6. The Barbets {Diicconidm), of the warmer parts of 
the New and Old Worlds ; and 7, The Plantain - eaters (,Mu*o- 
phaffidtg) of Africa. 

Orber v. Insessobes. 

T^K sixth oi'der of Birds is that of the iTuetaorei or Perckert, often 
spoken of as the Passerine Birda They are defined by Owen as 
follows : " Legs slender, short, with three toes before and one behind, 
the two external toes united by a very short membrane" (fig. 217, 
E and F). 

" The Percbera form by far the most numerous order of birds, but 
are the least easily recognisable by distinctive characters common to 
the whole group. Their feet, being more especially adapted to the 
delicate labours of nidification" (building the nest), "have neither 
the webbed structure of those of the Swimmert, nor the robust 
strength and destructive talons which characterise the feet of the 
Birda of Rapine, nor yet the extended toes which enable the Wader 
to walk safely over marshy soils and tread lightly on the floating 
leaves of aquatic plants ; but the toes are slender, fiezible, and 
moderately elongated, with long, pointed, and slightly curved clawa, 

"The Perchert, in general, have the females smaller and less 
brilliant in their plumage than the males ; they always live in pairs, 
build in trees, and display the greatest art in the construction of 
their nests. The young are excluded in a blind and naked state, and 
are wholly dependent for subsistence during a certain period on 
parental care. The brain arrives in this order at its greatest pro- 
portionate size ; the organ of voice here attains its utmost complexity ; 
and all the characteristics of the bird, as power of flight, melody of 
voice, and beauty of plumage, are enjoyed in the highest perfection 
by oue or other of the groups of this extensive and varied order," 

The structure, then, of the feat gives the definition of the order, 
but the minor subdivisions are founded on the nature of the beak ; 
this organ varying in form according to the nature of the food, 
which may be "small or young birds, carrion, insects, fruit, seeds, 
vegetable juices, or of a mixed kind." In accordance with this 
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character, the Inteitoret have been divided iuto four great eectioiic, 
as follows : — 

1. ConiTO^TUj—ia which the bill is strong and on the whole con- 
ical, broad at the baae, and tapering with considerable rapidity to the 




Fig. BIT.— A, Head of Hoopoe {UpKra rpnja), showing the tenulrostral type of lieali. 
B, Had of Red-backMl ajirike (trniim coHoHo). »ho«riiig the dentLrostral type of 
b«sk. C. Had of White-bellled gwirt (CtnKliii xulba), showing the flBBiioetml 
type of bcjik. D, He»d of Corn-buiitiiig (EmIwrJni ™llliir(n), nhowing the conircK- 
tral typo of benV. E, Foot of tlie Yellow Wngtsil (MoMcil/unilpAii™). F. Foot 
ofi Finch (Frfn^Ila). 

point (fig. 217, D). The upper mandible is not markedly tijothed at 
its lower margin. Good exaniplea of the conirostral beak are ti> be 
found in the Sparrows, Finches, Buntings, Crows, &c. The greater 
part of the ConiroHret are onmivoroas, eating anything which may 
conie in their way ; but some are gnuiivorons, subsisting upon grains 



an<l seeds. To this section belong the (HombilU) Bwxridce, the 
Starlings (Stumidtx), the Crows, Jays, and Magpiea {ConMe), 
the Crossbilla {Loxiada), and the numerous Finches and I^rka 
{FriTtgUlida). 

2. DentiTostres. — The Birds of -this section are characterised by the 
fact that the upper mandible of the beak is notched or toothed on 
its lower margiu near the tip (fig. 217, B). They all feed upon ani- 
mal food, especially upon inBeota, In thia section are the Shrikes 
(Laniida), the FIj-catchera (Musdcapida), the Thrushes {MervUdcE), 
and the Warblers {Sylvia^ee). 

3. Teiiiiirogtret. — In this section the beak is long ajid slender, 
gradually tapering to a point (fig. 217, A). The toes are generally 
very long and slender, especially the hinder toe. The Humming- 
birda feed upon the wing, and amongst these are some of the most 
fragile and brightly coloured of all the Birds. Others, however, 
live upon insects, which they catch upon the ground or on the trunks 
of trees, and some of these approach nearly to tlie Dentiroitrft in 
many of their characters. Amongst the more important groups 
included in this section are the Creepers {Certhidce), the Honey- 
eaters {Mdipkagida), U»e Humming-birds (Trochilida), and the 
Hoopoes ( VptipicUgy 

4. fittintftrei. — The beak in the FisBirostral Perchera (fig. 217, C) 
is generally short, and remarkably wide in its gape, and the opening 
of the bill is pi-otected by a number of bristles. This arrangement 
is in aceordance with the habits of the Fiairoitres, the typical forms 
of which live upon insects and take their prey upon the wing. The 
most typical Funiroslreg, in fact, such as the Swallows and Goat- 
suckers, fly about with their mouths open, and the insects which 
they catch in this way are prevented from escaping, partly from the 
bristles which border the gape, and partly by a sticky secretion 
within the mouth. The most typical Fissirostral Birds are the 
Swallows and Martins [Ilirundinuia:), the Goat-suckers (Caprimui- 
gidce), and the Swifts {CypseUdce); but to these the Bee-eaters (Mero- 
pidce) and the King-fishers are usually added. 

Order VI. Raptores. 

The Birds of Prey are characterised by the form of the beak, which 
is adapted for tearing animal food (tig. SIS, B). The upper mandi- 
ble is the longest, hooked at its point, " strong, curved, sharp-edged, 
and sharp-pointed, often armed with a lateral tooth " (Owen). The 
body is extremely muscular ; the legs are robust, short, with three 
toes in front and one behind ; all the toes armed with strong, curved, 
crooked claws or talons (fig. 218, A). They all feed upon tbe flesh 



D,c,i,z<,d.vGoogk' 



DIVISIONS OV BIRDS. 305 

of other sJiiinals, which they either itill for tliemaelvea or find dead, 
and their flight is generally extremely rapid and powerful. They 
are not polygamous, and the female is lai^er than the male. They 
usually build their nest iu lofty and inaccessible situations, and sel- 
dom lay more than four e^;s. The young are hatched in a naked 
and helpless condition. 

The Raptoret are divided into two aectiona — the Nocturnal Birds 




Fig, SIS.-Raptores. A. Foot oF fetegi'lne Fulcoii : D, Head of Buzznrd. 

of Prey, which hunt at night, and the Diurnal Birds of Prey, which 
hunt by day. In the former section is only the single family of the 
Owls {Striffidte), in which the eyes are large, and are directed foi"- 
wards (fig. 219), whilst the plumage is exceedingly soft and loose, so 
aa to render their flight almost noiseless. Tlie Owk, for the most 



Fig.iie.— A,F<MtDrTiwiiy Owl; S, Head or WhiU Owl. 

part, hunt tlicir prey in the twilight or on moonlight nights, and they 
live mostly upon field-mice and small birds, but they will also eat 
insects and frogs. In the section of tlie diurnal Baptores are the 
Falcons and Hawks, the Eagles and the Vultures. In all these the 
eyes are smaller than in the Owls, and are placed laterally, and the 
plumage is not soft. They usually {lossess extraordinary powers of 
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flight. The wings are long and jjointed, the sternal keel u greatly 
developed, the pectoral muscles are of large size, aiid many of them 
exhibit powers of locomotion more rapid than those enjoyed by any 
other members of the animal kingdom. 

SUB-CLASS III. ODONTORNITHES. 

Order I. Saubvr.*. 

This order includes only the single extinct Bird, the Archmoptsryx, 
which has been found in the Oolitic rocks of Germany. The Archm- 
o^ef^^was about as big afl acommonBook, and shows many singular 
points of resemblance to the tnje Reptiles. It diffei's from all living 
bii'ds in having two free claws to the wing, and in possessing a long 
liznrd-Iiku tail. Instead of the plouglishare-shaped bone wldch ter- 



Fig. 220.— ArclwopUi-yx. Tail and detachei! boiiEs. 

minates the tail in living birds (fig. 204, B), the tail in Arclueopteryx 
(fig. 220) is very long, and consists of about twenty distinct and 
separate verfebiie, each of which supports a pair of quill- feathers. 
The tail, therefore, except for the pi-esence of teathei's, must have 
been very like that of a Reptile. As in all the Birds of this anb- 
claas, the jaws were furnished with conical pointed teeth. 

Order II. Odontolce. 

This order comprises only a single extinct Bird, the extraordinary 
Jletperomis r^aiU of the Ci'etaceous rocks of North America, for 
the discovery and desci-iption of which science is indebted to Pro- 
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fessor Marsh. In thia Bii-d (fig. 221) we have a gigantic diving- 
bird, standing some Ave feet in height, but with the wings quite 
rudimentary, so that the power of flight was entirely absent. The 
tail was not elongated, as it is in Archaeoptergx, but consists of about 
tvelve TertebiiB, of which the last three or four are wojalgamated 



to form a single mass. The bodies of the vertebrse have the form 
usual among Birds. The jaws are furnished with numerous conical 
recurved teeth, sunk in a deep continuous groove. The metacarpal 
bonea are wanting, and the sternum is destitute of a keel. 

Order III. Odohtotorii£. 

This order compriaea only some singular fossil Birds from the 
Cretaceous rocks of North America, of which the genus IcAtAifomu 
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ia the type. In IcktkyomU, as in ffetperornis, tlie jaws are fur- 
niehed with numerous conical teeth, but those are sunk in dis- 
tinct sockets. Th« wings are well developed, and the bird must 
have possessed considerable powers of flighL The stenium has a 
keel, and the metacarpal bones are anchylosed with one another. 
Lastly, there is the extraordinary character that the bodiei of the 
vert^cE were biconcate, and in this respect resemble the certebMe 
of most 6ahes and of many Amphibians and Reptiles. The size of 
Ichtkyornii ditpar, the only known species of the genus, seems to 
have been about equal to that of a Pigeon. 



D,c,i,z<,d.vGoogk' 



MAMMALIA. 

CHAPTER XXX. 

CLASS V. MAMMALIA. 

The Mammalia include all the ordinary Quadrupeds, and may be 
ahortly defined as comprising Vertebrate AiiimalH in which some 
part or other of the thin is always provided laitA, hain, and the young 
are ntmriihed for a longer or thorter time by meant nf a special fluid — 
the milk — secreted by special glands — the mamjnari/ glands. These two 
peculiarities are of themselves sufficient to separate the Mammals 
from all other classes of the Vertebrate sub-kingdom. In additiou, 
however, to these two leading characteristics, the following points 
are of scarcely less importance : — 

1. The skull is united with the spinal cotimin by means of taio 
articulating surfaces or condyles, instead of one, a& in the Beptilea 
and Birds. 

2. The lower jaw consists of two halves, each composed of a 
single piece, and united in front. The lower jaw, also, is always 
jointed directly U> the skull, and there is no quadrate bone. 

3. The heart consists— as in Birds — of four distinct chambers, 
two auricles and two ventricles. The right and left sides of the 
heart are completely separated from one another, and there is never 
any direct communication between the blood sent to the lungs and 
that sent te the body. The red corjjuBelea of the blood {fig. 163, a\ 
are, in the great majority of cases, in the form of circular discs, and 
they never contain any internal solid particle or nucleus. 

4. The cavities of the chest (thorax) and abdomen are separated 
from one another by a muscular partition, wliieh is called the mid- 
riff or diaphragm, and is the chief agent in respiration. 

5. The respiratory organs are in the form of two lungs, placed in 
the chest, and never communicating with air-receptacles situated in 
different parts of the body. In no case and at no period of life are 
gills or branchiie present. 
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As regards the skeleton of the Mammalia, it is not necessary to 
add much to what waa said in speaking of the Vert^aCa generally. 
With few exceptioiia, the spinal coluniii is divisible into the same 
rflgions ns in man — namely, the neck or cervical region, the back 
or dorsal region, the loins or lumbar region, the sacral region, and 
the tail or caudal region (see fig. 159). In apite of the great differ- 
ences observable in the length of the neck in different Mammals, 
the number of vertebrie which form the cervical region is extra 
ordinarily constant, being almost invariably tevea. In this res- 
pect the Giraffe, which is the longest- necked of Mammals, agrees 
with the Whale, which can hardly be said to have a neck at all. 
The vertebrte of the back or dorsal region are mostly thirteen in 
number, but are oft«n more. In man there are only twelve ; and 
in Bome'caaes there are only eleven or ten. The lumbar vertebrie 
are usually six or seven in number ; five in Man ; rarely less than ' 
four. The sacral vertebne are usually amalgamated to form a 
single bone— the lacmm — but this is wanting in the Whales. The 
number of vertebrie in the tail or caudal region varies from tour 
to as many as ft ve-and- forty, and they are usually freely movable 
upon one another. The thoracic cavity or chest in Mammals ia 
always enclosed ~hy a series of ribs ; the number of which varies 
with the number of the dorsal vertebiie. As a rule, the ribs are 
united to the breast-bone or sternum in front, not by bony pieces, 
as in birds, but by cartilages. Only the front ribs reach the ster- 
num, and these are called the "true" ribs; the hinder ribe fall 
short of the bi'east-bone, and are called the " false " ribs. The ster- 
num is composed of several pieces, placed one behind the other, but 
usually amalgamated to form a single bone. It is usually long and 
narrow in shape, and is only rarely famished with any ridge or 
keel, as it is in Birda The regular number of limbs in the Mam- 
mals is four, two anterior and two posterior ; and for this reason 
the Mammals are often spoken of as Quadnipeds. Some Mammals, 
however, such as the Whales and I>olphins, have only the antei-ior 
limbs, and many of the Amphibia and Reptiles walk upon four l^s. 
As regards the structure of the fore-limbs (fig. 160), the general 
conformation of the limb has been previously noted. The shoulder- 
blade or tcapula is never wanting, an<l is generally broad and flat. 
The coracoid bones, which form such a marked feature in the pec- 
toral arch of the Birds, are incomplete, and are fused with the 
scapule, of which they form the so-called "coracoid process." In 
the Monotreniatons Mammals alone are the coracoids distinct bones, 
sufficiently developed to articulate with the sternum. The colW- 
bones or cLiviclea are often rudimentary or absent, and, when pres- 
ent, are never united into a single bone. The humerus presents 
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nothing Bpecial ; and the radius and ulna an 
fore-arm, though they may be fused with o 
may be wanting. 
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The fore-arm is succeeded by the small bones which compose the 
wrist or "carpus." These aie eight in number in Man, but vary in 
diflerent Mammals from five to eleven. 

The metacarpus in Man and in taost Mammals vcnbists of five 
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Gyliadrical bones, articuUting proximally with the carpua, tuid 
diBtallj with the phaUngea of the fingers. The moat remariiable 
modification of this normal state of things occurs in the Buminants 
and in the Horse. In tlie Ruminante (fig, 222, A and B), in which 
the foot is cleft, and consists of two perfect toes only, there are two 
mebiaiTpal bones in the embryo; but these are anchylosed together 
in the adult, and form a single mass which is known as the "canon- 
bone" (fig. 222, c). In the Horse (fig. 223), in which the foot con- 
sists of no more than a single digit, there is only a single meta- 
carpal bone, on each side of which are two little bony spines — 
the so-called " splint-bones "^which are attached superiorly to the 
carpus, and are to be regarded as rudimentary metacarpals. 

The normal number of di^ts ia five, but they vary from one to 
five. The middle finger is the longest, and most pereistent of the 
digits of the fore-limb ; and in the Horse it is the only one which 
is left (fig. 223). The thnmb is very frequently absent In the 
Ruminants there are only two fingers which are functionally useful, 
these carrying the hoofe. Normally, each digit is composed of three 
short bones or phalange), the innermost digit (the thumb) having 
two. The extremity of the digit is usually protected by a nail, 
claw, or hoof. 

While the foi'e-limbs are never wanting, the biiid-limbe are 
absent in the so-called " Mutilated Mammals " (namely, the Ceta- 
ceans and Sirenians). The bones of the hind-limb correspond 
with those of the fore-limb ; and the foot {pes) corresponds with 
the han<l {manm), consisting normally of five digits, but subject 
to the same abortion of parts as occurs in the case of the anterior 

Teeth are present in the great majority of Mammals ; but they 
are only present in the embryo of the whalebone Whales, and are 
entirely absent in the genera Echidna, Manii, and Myrmecopkaga. 
in the Duck-mole (fimilhorhi/nch'us) the so-called teeth are homy, 
and the same was the case in the extinct Shi/liaa amongst the 
Siraiia. In all other Mammals the teeth have their oixlinary 
structure of dentine, enamel, and crusta petrosa, these elements 
being variously disposed in diflerent cases, and the enamel being oc- 
casionally wanting. In no Mammals are the teeth ever anchylosed 
with the jaw; and in all, the teeth are implanted into distinct 
sockets or alveoli, which, however, are very imperfect in some of 
the Cetacea. 

Many Mammals have only a single set of teeth throughout life, 
and these are termed by Owen " monophyodont" In most cases, 
however, the first set of teeth — called the "milk"" or "deciduous" 
teeth — is replaced in the course of growth by a second 'Set of 
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" permanent " teeth. The deciduous nnd permanent seta of teeth 
do uot uecessarily correspond to one another ; but no Mammal has 
ever more than these two seta. The Mammals with two sets of 
teeth are called by Owen " diphyodont," 

In Man and many other Mammals the t«eth are divisible into 
four distinct groups (fig, -224), which differ from one another in 
position, appearance, and function ; and which are known respec- 
tively as the iitcitori, camiiei, prcemolari, and molan. 

"Those teeth which are implanted \a th« prwrnaxillary bon«s, and in the 
corresponding part of the lawor jaw, are called 'inciKorB,' whatever 1)e their 
ehapeorsize. The tooth in the maxillary bone vhich is situated at or near 
to the suture with the pnemajillary, ia the 'canine,' as is also that tooth in 
the lower jaw which, in opposing it, passes in front of its crown when the 
mouth is closed. The other t«eth of the fir»t set are the * deciditoite molars ' ; 
the teeth whirh displace and succeed them vertically are I 



the mora posterior teeth, which are not displaced by vertical successors, are 
the 'molars' properly so called" (Owen). The deciduous dentition, therefore, 
of a diphyodont Mammal consists of only three kinds of teeth — incisors, 
canines, and molars. The incisor and canine teeth of the deciduous set are 
replaced hy the teeth which bear the same names in the permanent set. The 
deciduous "molars," however, are replaced hy the permanent " prffimolars," 
and the " molars " of the permanent set of teeth are not representeii in the 
deciduous series, only existing once, and not being replaced by successors. 

All these kinds of teeth are not necessarily present, and the teeth 
furnish most important characters for separating the various orders 
of Mammals from one another. For this reason it is usual to 
express the number of the teeth in any particular animal by an 
arithmetical formula, ca!led the dental formula. For example, the 



D,c,l,z<,d.vG00gIf 



3H VERTEBRATE ANIMALS. 

formula for the portitm of the j&w of the Chimpanzee figured above 
(fig. 224) wonid be an follows : — 

t 2 ; c 1 ; pnt 2 ; m 3. 
But this is only one half of the lower jaw, ami the dental formula 
must include both sides, so that it wunld be : — 

t2— 2; cl— 1; pmS—2; m 3— 3. 
That this would be the formula is at once OTident, when it is 
remembered that the two sides of the jaw of course contain exactly 
the name teeth. Still, the formula as given above only includes the 
lower jaw, and to render it perfect it must take in the teeth of the 
upper jaw as well. This is effected by placing the figures in two 
rows separated by short Hues, all the figures in the upper row 
referring to the upper jaw, and those in the lower row to the lower 
jaw ; the short dashes between the figures of each row still indi- 
cating the teeth on the two sides of the mouth. The complete 
formula would therefore ruu as follows : — 



.2—2 1—1 2—2 3—3 



: pm^rzt; «i ^^ ^ 32. 



In this way the dentition— ihut is to say, the number and arrange- 
ment of the teeth — can be presented in a manner which can be 
instantly recognised by the eye. It must be remembered, however, 
that the formula seldom exhibits the regularity of the one of tlie 
Chimpanzee given above. The teeth are not necessarily the same 
in both jaws, and in many cases some may be altogether wanting. 
To show this there is subjoined the dental formula of a typical 
Buminaiit animal, such as a sheep : — 

3—3 ' 1— I ^ 3-3 3—3 

From this formula it will be seen that the sheep Ims 32 teeth in 
both jaws taken together. The upper incisors and canines ore 
wanting, and there are three pi'smolars and three molars on each 
side of the upper jaw. In the lower jaw there are six incisors, 
two canines, and tlie same number of pra^molars and niolai* as in 
the upper jaw. 

As regards the digestive system of Mammals, the alimentary 
canal and digestive glands have on the whole the same general 
structure and arrangement as in man (pp. 223, 224). Some very 
remarkable modifications, however, in the structure of the stomach 
and in the termination of the intestine, occur in certain Mammals ; 
but these will be noticed in speaking of the orden iu which they 
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The cavity of the abdomen in Mamniala is always Beparated from 
that of the thorax hy a complete muacuUr partition—the diaphragm. 
The abdomen contains the greater part of the alimentary canal, the 
liver, pancreas, kidneys, and other organs. The thorax contains 
chiefly the heart and InngB. The Aeort is contained in amembranous 
sac — the pericai-dinm — and consists of two auriclea and two ven- 
tricles. The heart consist* functionally .of two sides, each having 
an auricle and a ventricle, which 
communicate with one another by 
apertures, so guarded by valves 
that the blood can pass from the 
auricle into the ventricle, but not, 

under ordinary circumstances, from ^ 

the ventricle to the auricle. There 
is in the adult no direct communi- 
cation between the two sides of the 
heart. The course of the circula- 
tion is indicated in the subjoined 
diagram (tig. 325), and is shortly as 
follows : The venous blood, which 
has become impure by passing 
through the tissues, is returned by 
the great veins to the riffkt auricle, 
from which it passes into the right 
ventricle. From here it is driven 
through a great vessel, called the 
pulmonary artery, to the lungs, 

where it ifl submitted to the action Pig. S25,— tHugram of the eirculnlion 

of the air, and becomes arterial '" ' *'»™n»'- (Tb* mvitlei conuin- 

blood. It is then returned to the trircmltata^ !Il,Z' b^"*.™ 

heai't by a series of vessels called left white.) o Right auricle ; t> 

the pulmonale veins, and is poured ^'sM ventride ; p Pulmonary irteiy 

■ . .1 T ^ ■ 1 r _!.- 1. ■! carrylni! venous blood to the lunes ; 

mto the left auricle, from which it j,„ ^^^^^^ ^,„i„, ^„^-,^ J^ 

[lasses into the left ventricle. From blnodfroiuthelungBio'Leftiiarlele; 

the left ventricle it is propelled to ^ ^e" 'eutrltle; b Aorta arrrinj 

.11 part, ot th. Wy by , g»l ""^Xl'l'Sli CZ 

systemic vessel, which is called the hairt. 

The lungi of Mammals are two in number, and differ from those 
of Birds in being freely suspended in membranous bags. They are 
spongy and cellular throughout, and they never communicate by 
apertures on theur surface with air-sacs placed in different parts of 
the body. 

The n^vout gystem of Mammals is chiefly remarkable for the 
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great proportionata ibvelopment of the kntiii, as compared willi 
the spinal cord. 

In the higher Mamnials, also, the two halves (hemispheres) of the 
greater biain {eerebmm) are connected t^^ther by a great band or 
bridge of nervous tissue, couetituting what is known aa the eorptu 
eaUotum. This atnicture is not a conspicuous feature in the two 
lowest orders of the Mammalia. The senses, as a rule, attain great 
perfection in the Mammals ; and the only sense which can ever be 
said to be entirely wanting is that of sight. Ejes, however, are 
always preseut, though they may be rudimentary ; and in those 
Mammals which are said to be "blind," it is not generally that the 
eyes are wanting, but that the skin passes anbrokenly over the 
eyeball. Eveu in these cases, however, it is not impossible that 
there may be some perception of light tbrongh the skin. An exter- 
nal ear for collecting sounds is usually present ; but it is wanting in 
the Whales and Dolphins, and in some of the Seals. 

The liin is invariably furnished over a greater or less part of its 
surface with the epidermic appendages known as Aairi, which differ 
from feathers chiefly in not splitting up as they are produced. In 
the Scaly Ant-eater (J/arew), the haira are aggregated together so as 
to form horny scales ; and in the Hedgeht^, Porcupine, and other 
animals, many of the hairs are developed into long spines or 
prickles. In the Armadillos, again, the skin is more or less covered 
by an armour of bony plates. The only apparent exception to the 
universal presence of hair on some part or other of the int^ument 
of all Mammals is constituted by the true Cetaceans (Whales and 
Dolphins), many of which are without hair when grown up. Some, 
however, such as the Whales, have a few bristles in the neighbour, 
hood of the mouth even when adult. And the Dolphins, which are 
totally hairles.i when grown up, exhibit tutta of hair upon the 
muzzle before they are born. 

With the exception of the singular Monotremes, which are now 
known to be oviparous, all Mammals produce their young alive, and 
the youi^ animal is always bom in a helpless condition, and is 
nourished for a longer or shorter time by means of the milk of tlie 
mother. The milk is secreted by special organs, called the mam- 
mary ijlandf, which are present in both sexes, but are normally un- 
developed in the male. The number and position of the mammra 
vary a good deal in different cases, but they are always placed on 
the lower surface of the body, and their ducts almost always open 
upon a special eminence, called the teat or nipple. In the Mono, 
tremes, however, the mammary glands open by simple slits in the 
skin of the abdomen, and not by distinct nipples. In ordinary 
Mammals the milk is obtained by voluntary suction on the ]>art of 
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the young, but in the MaraupiiOs (Kangarooe, OpoBSiiins, &c.) the 
milk La forced into the mouth of the young animal hy the action of 
a special muacle. 

It will be sufficient for our present purpose to divide the Mam~ 
malia, in accordance with the way in which the young fti-e developed, 
into three primary sections — viz., the Placental Mammal*, the Non- 
placental Jfammal», and the Ooiparout Matiimali. In the Placental 
Mammals, not only are the young brought forth alive, but they are 
nourished within the body of the mother by means of a structure 
called the placenta, thi'ough which the nutrient materials of the 
mother's blood reach the young. In consequence of this, the young 
of the Placental Mammals can be retained within the body for a 
considerable period, and when bom, they are ble to obtain their 
natural food — the milk — by their own exertions. This section in- 
cludes all the higher groups of Mammals. In the Non-flacenUtl 
Mammals, on the other hand, the young are born alive, but at an 
extremely early period of their development, before there is any 
necessity that a placenta should be formed for the nouiiahment of 
the tcBtns. In these cases, therefore, the young, when born, are 
much more immature and helpless than in the case of the Placental 
Mammals. So helpless are they, that they are even unable to suck, 
and have in most cases to be fixed by the mother herself upon the 
teats, whilst the milk is forced into their mouths by a muscle which 
is spread over the mammary gland. This section includes only the 
Marsupials or Pouched Mammals. Lastly, in the Oviparota Mam- 
mals, the young ai-e not boni alive but are produced as eggs, as in 
the Birds and Beptiles. The young, however, are liberated from the 
egg at a very early period of their development, and are then 
nourished by the milk of the mother. This section inclndes only the 
Monotrematous Mammals — viz., the Duck-mote {OmitAorkynchiu) 
and the Spiny Ant-eater (Echidna). 

Adopting the above primary sections as practically sufficient in 
an elementary work, the whole class of the Mammalia may be 
divided into the following fourteen orders ; — 

DivcsioN A. — Oviparous Mamuals. 
Order 1. — Mcmotremala. 

DiviBioH B. — NoN- PLACENTAL Mammals. 
Order 2. — Martupialia. 

Division C— Placental MAMUALa. 
Order 3.— Edentata. 

Order i.—Sirenla. 
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Order 5. — Cetacea. 
Order 6. — Unffulata. 
Order 7. — Dinocerata. 
Order 8.—Titlodonlia. 
Order 9. — Toxodontia. 
Order \0.—Hyracoidea. 
Order \\.—Pri^»)icidea, 
Order 12. — Comtjwra. 
Older \Z.~~-Rodentia. 
Order 14. — Charoptera. 
Order 16. — Imectivora. 
Order \&.—Quadr>ana'na. 
Order 17. — Bimana, 
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CHAPTER XXXT. 
OEDERS OF MAMMALIA. 

Order I. Monotremata. 

Thb order of the Monotremes comprises only two very i-eraarkable 
geuei'a of Mammals — namely, Omithorhynehtu (the Duck- moles), 
and Echidna (the Spiny Ant-eaters), which are characterised by the 
singular corabination in their structure of Beptilian or Avian {tecu- 
fiaritiea with featnres of a pnrely Mammalian type. That they are 
genuine Mammals ia shown by their possession of hair, by the pres- 
ence of mammary glands, by the nature of their red blood -corpuscles, 
by the structure of the lower jaw, and by the fact that the skull 
articulates with the vei'tebral column by two occipital condyles. On 
the other hand, they resemble the Reptiles or Birds, or both, as 
regards the terniination of the intestine in a cloaca, the structure of 
the pectoral arch, and the want of true teeth, and in the still more 
important fact-^but lately clearly established — that they produce 
their young in the form of eggs. 

As regards their more important characters, the MoDoirentata are 
distinguished as follows : — 

The alimentary canal terminates, as in Birds and Reptiles, in a 
dilated "cloaca," wliich not only receives the termination of tlie 
intestine, but also the ducts of the urinary and reproductive organs. 
Tlie skull has the bones so amalgamated in the adult that the 
majority of the sutures are obliterated, as occurs also in Birds. 
There are no true teeth ; but in Omithorhynckug the jaws carry 
homy plates (fig- 226, B and C), which act as teeth. The pectjaral 
arch, which supports the fore -limbs, resembles that of Birds in 
several respects, but especially in the fact that the coracoid bones 
are distinct, and are not amalgamated with the shoulder-blade. 
There is no complete pouch developed on the abdomen of the females, 
but there are the so-called " marsupial bones." These are two small 
bones which arise from the front of the pelvis. They are really to 
be regarded as formed by a conversion into bone of the tendons of 
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one of the muBcles of the abdomen. There are no external ears. 
The mamniAry glands have no nipplea, but open either on a flat but- 
f&ce (OmitAor/iffnckui), or into a email "mammary pouch "(AtAtrfna). 
It has recently been showu by Mr Caldwell that the Monotremes are 
not viviparous, as all other Mammals are, but that they resemble 
the Reptiles and Birds iu being oviparous. The Duck-mole lays two 
eggs— about three-quarters of an inch in leiigth^which it depoeits 
in the burrow in which it lives ; and the Echidna lays one such egg, 
which it is stated to place in the small ponch of skin surrounding the , 
openings of the mammary ghinds. Recent observations also show 
that the Monotremes further resemble the Beptiles in the fact that 
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the temperature of the body is much below that of the remaining 
types of the Mammals. 

Of the two living genera of Monotremes, the Duck-mole {Omitho- 
rhynckui) is found exclusively in Australia inhabiting streams and 
ponds, in the banks of which it constructs bun'ows forty or fifty feet 
in length. The body is like that of a small Otter, covered with a 
short brown fur, and having a broad flattened tail (fig. 227). The 
jaws have no teeth, but carry homy plates, which officiate as teeth 
(lig. SS6, B and C). The margins of the jaw are also sheathed in 
horn, forming a kind of flattened beak, very like that of a Duck 
(fig. 227). Hence the name of " Duck-billed Animal " sometimes 
given to the Ornithorhi/ackia. The feet ai'e webbed, and the males 
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have a spur on the hind-lega. The only known species ia the Omi- 
thorhynchat paTodoxut. 

The other genua of Monotremes comprises the Spiny Ant-eatere 
{Echidna or Taehyghitwi), which axe not uiiljke Jarge hedgehogs in 
appearance. The snout ia very long, and is enclosed in a continuous 
akin till close upon its extremity, where there is a small aperture for 
the protrusion of a long and flexible tongue. Thei-e are no teeth, or 
any organs to act as teeth. The feet have five toes each, and are 



Fig. 227. — UoaotrtmHta. OrAilhorKpu^ui ■parado:tut, Austnlio. 

furnished with strong digging-claws, but the toes are not webbed. 
The skin is covered with strong prickly spines interspersed with 
bristly hair. The common Australian species {Echidna kyttrix) 
measures from fifteen to eighteen iuehes in length, and is a noc- 
turnal animal. It lives in burrows, and feeds upon insects, which it 
captures by protruding its long sticky tongue. Another species ia 
found in Tasmania ; and two species are known to occur in New 
Guinea. 
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Order II. Habbupialia. 



The name of Martapiah is derived from the fact that the femslea 
of this order are furnished with an Abdominal pouch or maTtufrimn, 
(sometimes very imperfect), withiu which the nipples are situated. 
When born, the young are placed by the mother within this pouch, 
where they adhere to the tents, and can be carried about without 
injury. !Even when further advanced, the young often betake them- 
selves to the shelter of the matsupium. No placenta is present, and 
the young when bom are therefore in a very imperfeclJy developed 
state, lie so-called "marsupial bones" (Hg. 228) aiv present, and 
as they spring from the front of the 
pelvis they no doubt serve to support 
the pouch ; but this cannot be their 
sole use, as they exist in the roalea, and 
also in the lilontremes, in whom there ia 
no pouch. All Maj^upials possess teeth, 
and the pectoral arch has now the same 
form as in the higher Mammals, the 
coracoid bones being now amalgamated 
with the shoulder-blade. The cranial 
bones are distinct. The intestine does 
nut terminate in a cloaca. 

Though the Martupialia form on ex- 
tremely natural order, sharply separated 
from the other Mammals, they include a 
large number of varied forms. Tn fact, 
this order, from ita being the almost er- 

— as Australia, has to discharge, in the 

ng.52S.— On* Bldfnf the pelvis general economy of nature, functions 
" lusriupTiJ femes ""(Bij^ftcr ^bich are elsewhere performed by sev- 
Owta. eral orders. As regards their geograph- 

ical distribution, with the single excep- 
tion of the family Diddphida (the true Opossums), the whole order 
of the Marsupials is exclusively confined to Australia, Van Diemen's 
Land, New Guinea, and the adjacent islands. 

The Marsupials may be primarily divided into the vegetable-eating 
and the rapacious or carnivorous forms — the former characterised by 
the absence or rudimentary condition of the canine teeth, the molars 
having broad, grinding crowns ; whilst in the latter there are well- 
developed canines, and the molars are not adapted for grinding. Of 
the vegetable-eating forms, the beat known are the Kangaroos {Mae- 
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ropodicUe), distinguished by the remarkable dispropoilioii between 
the hind and fore limbs, the former being by far the longest and 
strongest By their long hind-legs, assisted by a powerful tail, the 
Kangaroos can perform astonishing jumps, and, in fact, leaping is 
their mode of progression when pursued. 

The typical Kangaroos live on the greatgraasy plains of Australia; 
but the Tree Kangaroos spend a great part of their time in trees, 
and the Rock Kangaroos alfect mountainous districts. The Kan- 
garoo-bear or Native Sloth {Pkcacolarcto* cinerem), haa no tail, and 
has the body covered with a short, dense fur, whilst the ears are 
tuft«d. The fore-feet can be used as hands, and the toes are all - 



furnished with strong curved claws. It is n harmless nocturnal 
animal, and spends most of its existence in trees. The typical 
group, however, of the vegetable-eating Marsupials is that of the 
Phalangers, comprising a large number of small animals which live 
in trees, and generally possess a prehensile tail. The most familiar 
example is the Australian " Opossum " (Pkalangula vulpina), which 
is largely hunted by the natives. In the so-called " flying" Phalan- 
gers, again, the tail is not prehensile, and the animal takes extensive 
leaps from tree to tree, by means of a fold of skin which stretches 
between the body and the fore and hind limbs. 

Of the carnivorous Marsupials, the Bandicoots (Ptranwlei), the 
Native Devil {lian/unU), the Native Tiger {Tht/lacinu*), and the 

- - S.oo^k 



American Oposauma {IMdelpkidce), may be mentioned. The Bandi- 
coots are little, rabbit-like Australian animals, which live upon 
insects, and seem to fill the place held in the Old World by the 
Hedgehogs and the Shrew-mice. The species of Datyurui, though 
of small size, are very ferocious ; and the Thylacine grows to the 
size of a shepherd's dog, and is quite capable of destroying animal a 
as big as sheep. About twenty species of Diddphida are known, 
and they are all exclusively confined to the American continent. 
They are all of small size, have prehensile tails, and mostly live 
among trees. The beat-kno'wn species ia the Virginian Opossum 
{Didelpkyt Virgintana). Another species of Opossum, the Didelpkyt 
dorngera (fig. 229), carries its yoimg about on its back, the young 
clinging to the mother by twining their prehensile tails round hera. 

0rd£r III. Edentata or Bruta. 

This order of Placental Mammals comprises the Ant-eaters, Arnoa- 
dilloe, and Sloths, and is characterised by the fact that the teeth are 
not covered with enamel, have no complete roots, and are never re- 




placed by a second set. As a rule, the teeth (fig. 230) are simple 
cylinders, placed at a little distance from each other. Further, in 
none of the Edentata are there any central incisor teeth, and in all 
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but one there ate no inciaora at all. In two genera only are there 
no teeth j so that the name Edentata ia not a very appropriate one. 
In all, the toes are furnished with long and powerful claws. 

The order Edentata is conveniently divided into two great sec- 
tions, in accordance with the nature of the food, the one section 
being herbivorous, the other insectivorous. In the former section 
is the single group of the Sloths (Bradypodida). In the latter are 
the two grou|M of the Armadillos (Daii/podidte) and the vaiioas 
species of Ant-eatets. 

The Sloths i^BradypodidfE) are exclusively confined to South 
America, inhabiting the vast primeval forests of this c 



Fig. S31.— The Three-banded Anr»llllo(7i)fspfiil««>i»inH%one-thiia of Uie 
lUturelslse. (After Uurie.) 

They are ia every way adapted for an arboreal life, and are " des- 
tined to be produced, to live, and to die on trees." They are very 
awkward when upon the ground ; but the feet are furnished with 
eitremely long curved claws, so that the animal is enabled to move 
about freely suspended back downwards from the branches of the 

The second family of the Eflentata is that of the Dampodidce or 
Armadillos. These are also found exclusively in South America, 
hut they are very different in their habits. The Armadillos (fig. 
231) are burrowing animab, furnished with strong digging-claws 
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and well -developed collar-bones. The jaws are provided with 

numerous simple molars (lig. 230, B), which attain the enormous 
number of nearly one hmiJred in the Great Armadillo {Datypua 
gigat). The upper surface of the body is covered with a coat of 
mail, formed of hard honj plates or shields united at their edges. 
A portion of this armour covers the head and shoulders, and an- 
other portion protects the hind-quarters ; whilst between these is 
generally a variable number of movable bands which run trans- 
versely across the body and give the necessary flexibility to this 
singular integumentary skeleton. In most species this flexibility 
is so great that the animal can roll itself up like a hedgehc^. 

The remaining South American Edentates are the Hairy Ant- 
eaters, of whidk tlie beat known is the Great Ant-eater {Myrmeco- 



phoffa juhata). The body in this family is covei-ed with hair, the 
tail is loi.g, and the teeth are altogether wanting. They feed 
chiefly upon anbj and termites, which they catch by protruding 
their lonir and stickv toncrues. havinir ureviouslv broken infti thp. 
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Aa regards the geographical distrihution of the Edentata, it ia 
to be remembered that the order haa a very limited range at the 
present day. The true Ant-eaters, the Armadillos, and the Sloths, 
are exchisively confined to South Amei'ica, in which country a 
group of gigantic extinct Edentates existed in the later portion of 
the Tertiary epoch. The Scaly Ant-eaters are common to Asia and 
Africa ; and the Ground Hog is confined to South Africa. 



Order IV. Sirbbia. 

This order comprises only certain large marine Mammals, known 
as Dugongs and Manatees, which were long classed with the Whalea 
and Dolphins (Getaeea), They agree with the Whales in the adap- 
tation of the body to an aquatic life, especially in the facts that the 
anterior limbs are converted into swimming-paddles (figs. 933, 234), 
the bind-limba are wholly wanting, and the hinder end of the body 




(After HuriB.) 



forma a powerful caudal fin, which is j'laced so as to strike the 
water horizontally, and not vertically as in Fishes. They diflfer 
from ttie Cetatxa in having the nostrils placed at the anterior part 
of the head, and in having molar teeth with fiat crowns, adapted for 
a vegetable diet. Fleshy lips are present, the upper one usually 
with a moustache, and the skin is covered with scanty brietlea. 
The head is not disproportionately large as compared with the 
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body, and there is a tolerably distinct neck. They are vegetable- 
eaters, feeding chiefly upon sea- weeds, and haunting the mouths 
of rivers and estuaries, and sometimes ranging hnndreda of miles 
inland. 

The only existing Sireiiia are tlie Manatees (^Jfanatjit) and the 
Dugonga (Halicore), oft«n called "Sea-cows." The Manatees (fig. 
233) are found on the east coast of America and on the west coast 
of Africa. They are lat^ awkward animals, attaining a length of 
from eight to ten or fifteen feet, and their flesh is said to be veiy pal- 
atable and wholesome. The Dugongs differ little in appearance and 
habita from the Manat«es. They are found on the coasts of the 



Fig. a. 
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Indian Ocean and the north coaat of Australia, and are often killed 
and eaten. They attain a length of fi-om eighteen to twenty feet. 
The bones of the skeleton are remarkable for their extreme hard- 
ness and density. 

Besides these living fomis, the Sirenia were represented by a 
gigantic species which formerly inhabited Behring Island on the 
coast of Kamtchatka. Thia animal was described by M. Steller 
who accompanied Behring on his second expedition, and he named 
it Rkytina. This enormous animal attained a length of twenty-five 
feet, and a eireuraference of tweuly feet, and it appeai-a to have 
been completely exterminated, no specimen having been, aeeik for 
more than a century. 



Order V. Cetacea. 

This order comprises the Whales, Dolphins, and Purpoisea, aud 
it is characterised by the complete adaptation uf iU menibem to a 
wat«ry life. The body (fig. 235) is completely flsh-liks in form, 
the fore-limbs are converted into swimming- paddles, and the hind- 
limbs are conipl«tely wanting ; whilst the hinder end of the body 
forms an extremely powerful, horizontal caudal fin. Sometimes 



there ia a dorsal fin aa well. ' 
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under the akin, and servea to protect the body from cold. Though 
a,a inhabitant of the sea, the Whale i^ obliged to come to the aiirface 
to breathe, and in so doing it ejecta from the blow-hole what looks 
like « column of water, the whole operation being known to the 
whalers as " blowing." The true nature of this act ia now hardly 
questionable, and it appears certain that the apparent jet of water 
is in reality, maiidy if not entirely, due to the condensation of the 
moisture which ia contained tn the air expelled from the lungs. 
The old view was that "blowing" consisted in the Whale ejecting 
through the nose the water which had previously been filtered 
through the baleen-plates of the mouth ; but it appears to be quite 
certain that this view, at any rate, is not the correct one. The 
Bonjuals or Finner Whales I'esemble the Greenland Whale in most 
respects, but the skin is furrowed with deep plaits or folds, and there 
is a dorsal fin, placed on the back. Some of these attain a gigantic 




Fig. 23«.— CetacBB. Thi 



ilpbin fDelphifiMt dtt^ii). 



size (eiglity feet or more), but they are seldom captured, as their 
commercial value ia small. 

The Toothed Whales {Odoatoceti) are best known by the Sperm 
Whale (fig. 235), an animal as large or larger than the Greenland 
Whale, but distinguished by liaving numerous conical teeth, a single 
blow-hole, and a curiously truncated head. Sperm Whales yield 
an excellent oil, and the singular fatty substance which is known as 
" spermaceti ." They also yield the substance called "ambergris," 
which is uaed as a perfume ; but this is probably a product of disease. 

The last family of the Cetaeea needing mention is that of the 
Delphinida, comprising the Dolphins (fig. 236) and Porpoises. They 
have numerous conical teeth in both jawa, and the nostrils open by 
a single aperture on the top of the head. The Dolphins are mostly 
inhabitants of the sea, but there Kre fresh-water forms which inhabit 
the rivers of South America and Southeni Asia, The Porpoiaes are 
exclusively marine, and occur in all seas. The most remarkable of 
the Delphiiiida is the Narwhal or Sea-unicorn, which is found in 



the Arctic seas, and which attains a length of as much as fifteen feet 
in the body alone. The chief peculiarity of the Narwhal ia in the 
dentition. The females, as a rule, have no front teeth, the upper 
jaw alone having two rudimentary canines which never cut the gum. 
In the males, however, whilst the lower jaw ia without teeth, one 
of the two canines of the upper jaw (the left one) is enormously 
developed, and grows throughout the life of the animal. It forms 
a tusk of from eight to ten feet in length, the whole surface of 
which is spirallj twisted. The function of this extraordinary tooth 
is doubtless offensive. 

Order VI. Uwgolata. 

This order is often spoken of as that of the Hoofed Quadrupeds, 
and is one of the largest and most important of the orders of Mam- 
malia. The order is characterised by having all the four limbs, and 
by having that portion of the toe which touches tlie ground encased 
in a greatly expanded nail or hoof. There are never more than four 
full-sized toes to each leg, and owing in the presence of hoofs the 
limbs are useless for grasping, and are only of use in locomotion and 
in supporting the weight of the body. There are always two sets 
of teeth, and the molars have broad crowns adapted for grinding 
vegetable substances. 

The Unffulata are divided into two great primary sections, accord- 
ing as the toea are even or odd in number : — 

A. Perimodaetyla, or Odd-toed Ungulatet, in. wkidi the toei are 
oddinnmaber — either one or three} If homt are preient, th^ are 
not in pain {in ani/ living form). 

B. Artiodactyla, or Even-toed Ungulateg, in wkieh the toe» are even 
in nnmber — either tiuo or four; and if konia are preunt, theg are 
in pairs. 

iSeetiun A. Peristodaelyla. — The living Perissodactyle Ungulates 
are the Ehinoceros, the Tapirs, and the Horse and its allies. The 
Rhinoceroset are extremely large and bulky brutes, having a very 
thick and nearly hairless skin, usually 'thrown into deep folds. The 
feet (fig. 237, B)arefumishedwith(Areetoeseach, all encased in hoofs. 
The nose (fig. 238) ia furni.shed with one or two horns, composed of 
longitudinal fibres compacted together, ajid not having any central 
core of bone. When there ia only one horn, it is, of course, unaym- 
metrical ; and when there are two, these are not paired, but (except 
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only three toes on the hind-legs, bo that tliey are really odd-toed. 
The nose forma a short movable proboscis, used in stripping off the 
leaves of treea. They are large, clmnsy, pig-like animals, which 
inhabit South America, Sumatra, Borneo, and Malacca. 

The third and laat family of the living Ferisaodactylo XIngulates 
is that of the Eqnida, comprising the Horses, Asses, Zebras, aud 
Quaggas. In this family, so far bs existing types are concerned, the 
foot carries only a single toe (the third toe), which is furnished with 
a broad hoof (fig. 2^3). Upon the end of this toe the animal walks, 
and QiaEqiiida are, therefore, often spoken of as "Solipedes." The 
second and fourth toes are present in a rudimentary form as little 
bony sphnta (the so-called "splint-bones"), hidden under the akin 
(fig. 223) ; but in certain estinct types these lateral toes are more or 
less developed, and carried hoofa, the foot thiis becoming three-toed. 

There is a continuous series of incisor teeth in both jaws, and in 
the maiea canines are present. The dental formula is — 



3_3 3—3 _ 

* 3-3 ' - 1-1 ^ ' ' '"" 3-3 ' '"3^:3 " 



(ornone);pm^ 



All the domestic varieties of Horses appear to be descended from 
the single species Hquus caballiu, which seems to have been primi- 
tively a native of CenttaJ Asia, in which country another species of 
Horae has been recently discovered. When the American continent 
was discovered, it certainly poaaessed no living horse, but the Horse 
has now become completely naturalised there, and we know that 
America formerly possessed about twenty species of Hoises, all of 
which are now extinct. In the genus Annut are the Asses, Zebras, 
and Quaggas. The Wild Asses are natives of Asia and North 
Africa ; but it is not quite cert^n from what species the domestic 
Aaa is descended. The Zebras and Quaggas are exclusively African, 
and are distinguished by their beautifully striped and banded bodies. 

Section B. Artiodactyla. — The Even-toed Ungulates may be divided 
into the two groups of the Omnivora and the Ruminanlia, the foi^ 
mer comprising the Hippopotamuses and the Swine, while the latter 
includea the Oxen, Deer, Camels, &c. 

Of the Omnivorous Artiodactjlea, the Hippopotamuaea constitute 
a small group, comprising massive, thick-skinned Ungulates, with 
four-toed feet. The common Ilippopotamiu araphibiia inhabits all 
the great rivers of Africa, living upon plants, and swimming and 
diving with great facility. The molar teeth have flat crowns, of a 
peculiar double-trefoil pattern i but the canines are very large, and 
the lower ones in particular form enormous tusks, with a chisel- 



The Pigs, Peccaries, and W»rt-hogs constitute the family Stcuia, 
and have usually four toes to each foot, though sometimes the hind- 
feet have only three toes. All the toes are hoofed, .but it is only 
two which support the weight of the body, the remaining toe or 
toes being placed at some elevation on the back of the foot (fig. 237, 



Fig. 2M.-Stall of HiTPOTOtamTii amiAibitu, siOi-viiv. 

Cy. The snout is truncated and cylindrical, and is capable of ex- 
tensive movement. The tail is very short, or is represented only by 
a tubercle. The molar and premolar teeth have tuberculated 
crowns (tig. 240), and the Pigs are very miscellaneous feeders. 

Of the Swine the moat important and best known is the Wild 
Boar {Siii gcrofa), from which moat of our domestic varieties of 
Swine have sprung. Another form is the Babyrouaaa (Sim 6 




ru»a\ which inhabits the Indian Archipelago, and is remarkable 
for the great size and backward curvature of the upper canine teeth. 
The Wart-hogs {Phacochccrua) are African, and derive their name 
from the possession of a fleshy wart under each eye. The Peccaries 
are exclusively American, the best-known species being the Collared 
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auatomical peciiliaritiea, which distinguish them from the Swine of 
the Old World. 

The Rwniinantia funn a most natural group of the Urtgidata, 
characterised b^ the structure of the foot, the dentition, and the 
structure of the Btomach. 

The foot is "cloven," consisting of a symmetrical pair of toea, 
encased in iioofa, and looking as if produced by the cleavage of a 
single hoot. The two functional toes (fig. 222) are the third and 
fourth toes (tlie middle and ring toes) ; but the second and fifth toea 
(the indei and little toe) may be present in a rudimentary form on 



Fig. 341.-8ku1l or Hliom1e*s Sheep: ITndBnn; eCaninei; m Molm 
aud pi-BinoUn. (Attet Cavier.) 

the back of the foot. In no case, however, are these lateral toes bo 
far developed as to touch the ground in walking on a hard surface. 

Aa regards the dentition, the typical state of things is that there 
should be no incisor or canine teeth in the upper Jaw (fig. 241), but 
that the lower jaw should have six incisors and two canines, which 
are all similar in size and form, and constitute a continuous and un- 
interrupted seriea of eight teeth placed in the front of the lower jaw. 
There are six back teeth (prteniolars and molars) on each side of 
each jaw, and these have grinding surfaces, the enamel ridges ot 
which form double crescents. The typical dental formula, therefore, 
for a Buminant is — ■ 

„ 3—3 . „ 3—3 _ „, 






3—3' 
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In tlie absence of incisor teeth in the upper jaw, the lower incisors 
bite against a callous pad of hardened gum. The Camel tribe dilTers 
in its dentition from the above typical formula, and certain excep- 
tions likewise occur in the males of some other forms, and in one or 
two other less important instances. 

The stomach in the Buminaula is complex, and is divided into 
several compartments, this being in accordance with their mode of 
eating. They all, namely, "ruminate" or "chew the cud"; that is 
to say, they first swallow their food unmasticated, and then bring it 
up again after a longer or shorter period in order to chew it. This 
is effected as follows (hg. 242): The gullet opens at a point between 
the first two compai'tments or stomachs, of which the largest lies to 
the left and is called the " paunch," whilst the smaller right cavity is 
called the "honeycomb bag" (retwulum). The paunch (rumen) ia 



Til. 342.— Stomifh of a Sheep. Gullet ; r JiuiKn or pBuiicti ; li Soaefcamb bag or 
ntipiltivt ; p &l&ny-pl[e4 or psalUrmm; a J.biiina3im or fourth HCoiQAcb. 

the cavity into which the food is first received, and here it is mois- 
tened and allowed to soak for some time. After the food has lain auf- 
fioiently long in the paunch, it pasiies into the "honeycomb bag," 
from which it is ultimately returned in successive portions to the 
mouth by a I'eversed action of the muscles of the gullet. After 
having been thoroughly chewed, and prepared for digestion, the food 
ia now swallowed a second time. On this occasion, however, instead 
of passing into the paunch, the masticated food is conveyed into the 
third stomach. This ia known as the " many-plies " or "psalterium," 
because its lining membrane is thrown into a number of longitudi- 
nal folds, like the leaves of a book. The psalterium opens by a wide 
aperture into the fourth and last stomach, known as the "abomanim." 
This is a cavity of considerable size, which secretes the true digestive 
fluid (gastric juice), and it is here that the food is really digested. 
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The abomaaum terminates, of course, in the commencement of the 

The RuminanCia include & number of families of whiuh it is only 
poaaible to notice the leading characters. 

The family CaineltdtE compriaeB the Camel and Dromedary of the 
Old World and the Llamas of the New, and is characterised by 
having do horiia, by having two incisors in the upper jaw, and a 
pair of canines in both jaws ; whilst the Arat premolar tooth in 
both jaws (or in the upper jaw only) is conical in Hh^>e, and is 
placed at some distance in front of the other back teeth (fig. 243). 
The foot consists of only two toes, covei'ed with imperfect nail-like 
hoofs, and destitute of the two supplementary toes. The soles of 
the feet are covered with a callous homy integument upon which 
the animal walks. In the Camels the toes are conjoined below by 
a callous pad, and the back is furnished with one or two fleshy 



humps. The Arabian Camel or Dromedary has but one hump, and 
its structure admirably adapts it for a beast of hurden in the sandy 
deserts of Arabia and Africa. One special provision toward this 
end is the possession of large cells in the paunch, in which a great 
quantity of water can be stored up, thus enabling the animal to 
travel for days without drinking. The Bactrian Camel resembles 
the Dromedary in moat i-eaijects, but it possesses two humps. The 
place of the Camels of the Old World ia filled in South America 
by the Llamas and Al|)acas (Aiickenia), which have separate toes, 
and have no hump. The Llama is extensively used as a beast of 
burden, but the Alpaca is chiefly of value for its lonj; wool, which 
is lai'gely manufactured. 

The small family of the Tragalida includes the little deer-like 
animals which are known as " Chevrotaina. These are very like the 
true Musk-deer (which are now placed with the Cervidce), and have 



uu horns, while the canine teeth are developed in both jaws, and the 
upper canines of the males are tuak-like. The Tragididm are found 
in India, the Indian Archipel^o, and Africa. 

The family Cervida inclndes the true Deer and the Musk-deer, 
and is characterised by the fact that the forehead carries two solid 
bony antlers, which are not hollow, and are usually much branched 
(fig. 244). With the single exception of the Reindeer, these appen- 
dages are exclusively confined to the males, and are decidvMut; 
thnt is to say, they are only produced at certain seasons (annually, 
at the breeding season), and they are elied and reproduced before 
the commencement of the next breeding season. They increase in 
size and in the number of branches every time they are reproduced 
till in the old males they may attain an enormous size. 



Among the more familiar of the Deer may be mentioned the Elk, 
or Moose {Alces Americaniti) of Scandinavia and North America ; 
the Eeindeer and Caribou (Cermu tarandui) of Nortlierit Europe, 
Asia, and North America ; the Red Deer {Cermu elaphu*) of Europe ; 
the Wapiti {C. CaTiadeagis) of Canada ; and the Hoebuck {Capreolu» 
eapr<xa) of Noi-them Europe, 

Of the Giraffes or Camelopardalidte there is only a single living 
form, exclusively confined to the African continent Both sexes 
have two pairs of short horns, carried on the foi'ehead ; but these 
are persistent, and are covei'ed with a haiiy skiu. The neck is 
extremely long, and the fore-legs much lougei' than the hind-legs. 
It is the largest of living Bumiiiiuits, and measures as much as from 
fifteen to eighteen feet in height. 

The Cavicomia or Holtoic-komed Huminants comprise the Oxen, 
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{Bmrida) the most important species is the domestic Ox {But taurus) 
with its innumerable varieties. The tnie Biiffalos (Bubalus) are 
natives of Asia and Africa, and are characterised by their wide 
horns united at the base (flg. 245). Tlie American Buffalo (Bison 
lis), or Bison as it is properly called, is distinguished by ita 
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head, shaggy mane, and conical hump between the 
shoulders. America also possesses another singular Ox (or Sheep) 
in the person of the Musk Ox (Ofiboa inosckatua), which is found 
north of the 60th parallel, and is remarkable for its small size anJ 
long woolly coat. 

ObDEH VII. DlNOCERATA. 

This order comprises only some extraordinary eitinct animals founJ in 
the Tertiary deposits (Eocene) of NortK America. In Vitu/ceras, which may be 
token as the type of the group, we have an animal of large aiie, resembling the 
Elephants In most of the details of the skeleton, with five well- developed toes 
on the fore-fent, and with four fnnctianal toes on the hind-feet, the hallux being 
rudimentary. No trunk or " proboscis " was present, but there are three pairs 
of bony proceases, or "cores," which fcem to have carried as many horay pro- 
tuberances, one pair being on the nsBsl bones, another on the upper jaws, snd 
the third (the largest) on the frontal bones. The npper jaw is without incisors, 
but carries huge tusk-like canines ; and a series of sli small prseniolars and 
molars is present on each aiile. In the lower jaw are six incisors, small canines, 
and a corresponding series of priemolars and molars. 



Order VIII. Tillodontia, 

This is another extinct order of Mammalia, comprising some singular fossil 
quadrupeds fVom the Tertiary deposits (Eocene) of North America. The ani- 
mals included in this onler resemble the Beasts of Prey {CarnivoTa) most 



ORUEHS OF MAMMALIA. 341 

closely B8 reganla the general structure of the skeleton, and eapecUlty aa t« the 
conformation of the feet ; but tJiey poasesa also cliaractcm which ally them to 
the UngtUaia and to the Rodeniia. One of the most sinking characters ia the 
presence in the front of each Jaw of a pair of huge inciHOr teeth, which resemble 
the correaponUfng teeth of the Roilent animals in having ehisel-shaped crowna, 
and in growing throughout the life of the animal. 

Order IX. Toxodontia. 

comjiriBing certain large fossil 
)t South America, the true rela- 
tionships of which are quite uncertain. The molar aud pnemolar teeth have 
flat grinding orovms, but they grow from permanent pulps, and continue 
growing throughout tlie life of the animal— a feature npecially characteristic of 
many Rodenli. Tlie incisors resemble thme of the Ungidates ficnerally, and 
the canines are aruall, and in the upper jaw are deciduoua. 



Order X Hyracoidea. 

This order includes only a single Hmall geniiB (Hi/ra.r), of which 
only two or three species are kiiowu. They are all gregariona little 
animals, mostly hving in hole:* of the TOckH, an<i capable of domes- 
tication. One BpecicB {Hyras CapKntui) ocelli's commonly in South 
Africa, and ia known to the Dutch colonists aa the " Badger." An- 
other specieB {Hyrax Syriacii*) occurs in the rocky parts of Arabia 
and PalcBtine, and is believed to be the " coney " of Scriptm-e. They 
present many curious points of resemblance to the gigantic Rhino- 
ceros, and are often placed in the same order, the similarity being 
eapecially gi'eat as regards the form of the molar teeth. The incisor 
teeth of the upper jaw aift long and curved, with sharp cutting 
edges, and they grow from a permanent pulp, thus resembling the 
teeth of the genuine Rodents {such aa the Rabbit or Beaver), 

Order XI. Proboscidea. 

Tlie only living animals which belong to the order of the Proboscid- 
eans are the Elephants, of which there are only two well-marked exist- 
ing species — namely, the Indian Elephant and the African Elephant. 
The name of the order is derived from the fact that the nose is pro- 
longed into a long cylindrical trunk, or " proboscis," which is highly 
nuiacular, and which terminates m a iinger-ahaped lobe, below which 
are placed the apertures of the nostrils (fig. 247). The proboscis is the 
sole organ of prehension posaeaaed by the animal, and is employed 
to take up water, and also to introduce into the mouth the vegetable 
substances upon which the Elephant feeds. The Elephants, in fact. 
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are unable to apply the mouth directly to the ground, either for 
feeding or for diiiiking, owing to the peculiar form of the incisor 
teeth. The upper incisors of the Elephants, namely, are two in 
number, and constitute long tuska, which grow throughout the 
entire life of the animal, and which in old iudividuala may reach a 
length of six or seven feet (fig. 247). There are no lower incisor teeth, 
a!nd canine teeth are wanting in both the upper and lower jaws. 
Bach jaw, however, usually exhihita a pair of exceedingly large 
molar teeth (fig. 248), which are transvetseiy ridged, and which are 
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Obdbb XII. Cakijivora. 



The twelfth onler of MamnmlH ia that of the Camicora or Beasts 
of Prey, comprising the Lions, Tigers, Wolves, Dogs, Oats, Hyienas, 
Seals, Walruses, &c. The Carnivora are dislinguisheil by posaeas- 
ing two seta of teeth, which are ainiply enamelled, and are always 
of three kinds, incisors, canines, and molara, dilTering from one an- 
other in aize and shape. The incisor teeth are generally six in each 
jaw ; the canines are always two in each jaw, and are much longer 
and larger than the other teeth. The praeuiolara find molais are 
mostly cutting teeth, furnished with sluirp uneven edges, but one 
or more of the hinder teeth have tuberculate crowns. The molars, 
too, graduate from a cutting to a tuberculate foi-m as the diet is 
strictly carnivorous or becomes more or lesa miscellaneous. 

The dentition (fig. 249) differs considerably in different members 

of the order, but subjoined is the dental formuhiof the Cats (/Wirfce), 

, which are the most typical examples of the Carnivora^ 

.3—3 1—1 3—3 1—1 _ 

^3113' '^1=1' P^2=2="'i-1^^- 



Fig. 24n.-Fennanei 



In the t3^ica1 and most highly specialised Carnivores (such as the 
Felidce), the last pnemolar in the upper jaw, and the first molar 
in the lower jaw (fig. 249, pm? and >») are specially developed, and 
are known as the " camasaial " teeth, having a sharp cutting-edge ; 
whereas in other cases tlie coiTeapon<ling teeth ai* blunt and " Uiber- 
culated." Even in their most trenchant condition, the canittsstal 
tooth conniionly lias a more or lesa developed tuberculated process 
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2. Plantigrada (fig. 250, A), coi 
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The Seal* and Walmsea, forming the fajmiy Pinnigmda, are 
distiDgaiahed from the other Camivora by their adaptstioD to an 
aqnatic mode of life. In this respect thej agree with the thorongblj 
aquatic Wliales and Dolphins, but they differ from both the C^acea 
and the Sirenia, not only in their dentition, but aleo in always hav- 
ing well-developed Aind-limbi. The Seals (fig. 251) are character- 
ised by having tricospidate prsemolar and molar teeth, the lower 
incisors being often reduced to four, and the canine teeth not being 
!, They form a very numerous family, of which 
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the typicftl carnivorous characters. The inciaors and canines have 
their usual carnivorous form, but the hinder pncmolnrs and the 

molars are furnished with broad tubercular crowns. The claws are 
large, curved, and strong, but are not retractile. The tongue is 
smooth, the ears small and erect, the tail short, the nose mobile, and 
the pupil circular. Most of the Bears are only carnivorous in so far 
that they eat flesh when they can get it i but a great part of their 
food consists of roots, acorns, honey, and even inaecta. 

Nearly related to the true Bears are the familiar Eacoons {Pro- 
cyon) of America, the Coatis i,N(uiia) of South Aiueiica, and the 
Wah (^Etunti) of India. 

The only remaining Plantigrades of importance are the Badgers 
{Mde») ot Europe, Asia, and America, the Gluttons or Wolverines 
{Qulo) of the same continents, and the Honey- badgers {MeHivora) of 

Forming a kind of transition between the PlantigTada and the 
lyigiiigrada is a group of Carnivora which comprises numerous 
forms, such as the Weasels, Otters, and Civets, which apply part, 
but not the whole, of the sole of the foot to the ground. 

The Weasels (ifutUlida) have short legs, and elo:igated worm-like 
bodies, with a stealthy, gliding mode of progression. Good examples 
are the Polecat, the Mink, the Ermine, and the Sable. The three 
last named furnish the beautiful and valuable furs known by their 
names. Here also belongs the Skunk (MephiU*), celebrated for ita 
intensely disagreeable odour when alarmed or irritated. The Otters 
are nearly allied to the Weasels, but have webbed feet adapted for 
swimming. The great Sea-otter yields a very valuable fur. The 
Civets and Genettea ( Vivemdcf) all belong to the Old World- The 
true Civet-cat inhabits North Africa, and is furnished with a pouch 
which secretes the peculiar fatty substance which is used as a per- 
fume under the name of "civet." 

The typical group of the Camivwa is that of the Digitigrada, 
comprising the three tribes of the Dogs (CanicUt), the Hyeenas 
{Hyxnidee), and the Cata {Fettdte). The family Canidee comprises 
the true Dogs, the Wolves, the Foxes, and the Jncicala, all char- 
acterised by their pointed muzzles, smooth tongues, and non- 
retractile claws, and by the fact that the fore-feet have five toes, 
whilst the hind-feet have only four. In the Hi/ccnida, comprising 
the Hy«nas, there are only four toes to all the feet, the muzzle is 
rounded, the tongue is rough, and the hind-legs are shorter than the 
fore-legs. The Hysenss are ill-conditioned, ferocious animals, which 
occur in Africa, Asia Minor, Arabia, and Persia. 

The most highly carnivorous, and therefore the roost typical, group 
of the Carnivyra is that of the C-ata or Fdiiite, comprising the Lions, 
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Tigers, Leopards, Panthers, Cats, and others. lu nil these the aiii' 
mal walks lightly upon the tipe of the toes, and the soles of the feet 
are hairy. The jaws are short, aod owing to this and to the great 
size of the muscles which move the lower jaw, the head assumes a 



Rg. 252.— Side- 1 



kull of 



rounded form, with a short muzzle. The molara and prsemolars 
(ligs. 249 and 252) are fewer in number than in any other of the 
Camivm-a—heact the shortness of the jaws : and they are all fur- 
nished with cutting edges, except the single molar in the upper jaw. 




which ia tiilierculate. The legs are nearly of equal length, and the 
hind-feet have only four toes, whilst the fore-feet have five toes 
each. All the toes are furnished with strong curved retractile ckws, 
which, when not in use, are withdrawn within sheaths by the action 
of elastic ligaments (fig. 253). The tongue is armed with homy 
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eniinencea, which render it rough and prickly, and adapt it for the 
oflice of licking flesh from the bones of the pwy. They are all 
extremely light upon their feet, and exceBsively niuHCular ; and all 
have the habit of seizing their prey by suddenly Bpriiiging upon it 
III this section are the Lion {Fdit leo), the Tiger {Felit tiffris), the 
Jagiiar {Fdu onca\ the Puma (Felit concolor), the Leopard {Felit 
leopardusX the Lynxes, and the true Cats. 

The Lions are entirely ci)nfined to the Old World, inhabiting 
Southern Asia and Africa. The males are niaued, and the tail is 
tufted. The Royal Tiger is exclusively Asiatic, as are most of the 
Tiger-cats, but some of the latter are American. The Spotted Cats 
or Leopards are represented, among others, by the Leopard and 
Cheetah of the Old World and the well-known Jaguar of the Amer- 
ican continent. The Puma ia also American, but its colour is uni- 
form. The Lynxes are distingtiished by their tufted ears, and are 
found both in the Sastem and Western hemispheres. 

Order XIIL Rodentia. 

In this order ai'e a number of small animals, characterised by the 
absence of canine teeth, and the possession of two long curved 
incisor teeth in both jaws, which are separated by a wide interval 
fi'oni the molars (fig. 354). There are seldom more than two incisors 
in the upper jaw (sometimes four), but there are nerer more tiian 




two in the lower jaw. The molar teeth ai-e few in number (rarely 
moi* than four on each side of each jaw). The feet ai-e usually 
fivnished with five toes each. 

The most characteristic point about the Rodents is to be found 

in the sb-ucture of the incisor teeth, wliich are adapted for con- 

1(1 - . 
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tinnoua gnawing. They grow fi-om pereiatent pulps, and consequently 
continue growing fta long as the ain*inal lives. They are large, long, 
and curved, and are covered in front with a layer of hard enamel, 
BO that the softer parts of the tooth are placed behind (fig. 254, A), 
The reanlt of this is, that aa the tooth is used in gnawing, the softer 
parts behind wear away more rapidly than the hard enamel in front, 
and thus the crown of the tooth acquires by use a chisel shape, 
bevelled away behind, and the enamel forms a pei-sistent cutting- 
edge. The Rodents are almost all of small size, and are very pro- 
lific. They subsist principally, if not entirely, on vegetable mattei-s, 
especially the harder parts of plants, such as the bark and roots. 
Many possess the power of building very elaborate nests, and moat 
of them hibernate (i.e., remain torpid throughout the winter). They 
are very generally disti'ibuted over the whole world. 
The order RodeiUia comprises a large number of families, of which 



Fig. 2SS.— The Bawr lCaiU,rfbii% 

little more than the names of the principal ones can be mentioned. 
The most important families of Rdlenfa are the following: I. Lepor- 
ida, comprising the Hares and Rabbits. The Hares geuerally occur 
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The Cheiroptera or BaU ave essentially cliaracterised hy the fact that 
the fore-limbs are much longer tiiau the hiiid-liiubs, and have 
several of the fingers enormously elongated (fig. 256). These enor- 
mously lengthened digits are united by an expanded leathery mem- 
brane or "patagium," which not only atretchea between the fingers, 
but is also extended between the fore and hind limbs, and is 
attached to the sides of the body (flg. 257). The |)atagium thus 
formed often includes the tail, and is nearly or quite naked or 
destitute of hairs on both sides. It is used as an organ of true 
night, and, in accordance with this, there are well- developed collar- 
bones (claviclea), and the breast-bone is furnished with a ridge for 
the attachment of the pectoral muscles. Of the fingers of the hand 
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at least three are destitute of nails. The mammary glands are 
placed upon the chest. Teeth of three kinds are always present, 
and the canines are always well developed. 

The Bats are all twilight -loving or nocturnal animals, and they 
are the only Manimala which possess the power of trne flight, though 
several others can make extende<l leapa from tree to tree. Tlie eyes 
are small, but the ears are very large, and their sense of touch is 
most acute. During the day they retire to caves or ci-evices in 
rocks, where tliey suspend themselves by the hind-feet, which are 
provided with curved claws. In their flight, though they can turn 
with great ease, they are by no means as rapid and active as the 
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over the whole world, except iii Australia and South America, where 
their place is taken by MaraupiaU, euch aa the Opoasuma. 

The Inteclivora are divided into several families, of which the fol- 
lowing are the most imporlant. The Moles {Talpidce, fig. 259) are 
distinguished by having the body covered with hair, the feet short 
and formed for digging, and the toes furnished with strong, curved 
claWH. There is no external ear, and the eyes are either extremely 
small, or are completely concealed beneath the fur. They are all 
nocturnal, burrowing animals. The Star-nosed Moles {Conds/lura) 
are American, but their habits are like those of the European Mole 
{Talpa EurojKxa, fig. 259). The Golden Moles {ChryioiMoru) are 
African, and are remarkable for the iridescence of tlieir fur. The 
Shrews {SoricidtB) are very like the true Mice in external appear- 
ance, but they are really widely different. The body is covered with 
hair, the feet are not adapted for digging, and there are mostly ex- 
ternal ears, while the eyes are well developed. No division of the 



Fig. 36B.— lB»ecUvoi». Mole {Talpa Eartipaa). 

Intectimra is more abundant or more widely distributed than the 
Soricida, and one of the Shrews is probably tlie smallest of existing 
Mammals, not exceeding two and a half inclies in length, counting 
in the tail. 

The Ho-called " Elephant-shrews " (Macrrncdidm) of Africa form 
another family. They are distinguished by their immensely elon- 
gated trunk-like nose, and their long Kangaroo-like hind-legs. 

Another family (Eriiiaceida) includes the well-known Hedgehogs, 
which have the power of rolling themselves into a ball at the ap- 
proach of danger, and which have the upper surface of the body 
covered with short prickly spines, forming a protective armour. 
The common European Hedgehog (Eriiiaceui Earopam, fig. 260) 
is the type of the family, but other species occur in Africa and India. 
The "Teiireci" {CeiUetes) of Madagascar arc closely allied to the 
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Order XVI. 

The sixteenth order of Mami 
comprising the Apes, Monkeys, £! 




teristic of this order is, that the iimennost toe (great toe) of the 
hind-limbs can be opposed to the other toee, ao tliat the hin<l-fe«t 
become preheneile hands. Tlie term " opposed " simply implies that 
the toe can be ao adjusted aa regards the extremities of the other 
toes, that any object can be grasped between them, JHst as the 
thumb of the humaa hand can be " opposed " to any of the fin- 
gera. The fore-feet may be destitute of a thumb, but when this is 
present, it, too, is generally opposable to the other digits, so that the 
animal l>ecomes truly four-handed or " quadrumanous." 

The Qaadramana are divided into three very natural sections, 
separated from one another both by their anatomical characters 
and their geographical distribution. 

Section A. SirepMi'na.— Characterised by having the nostrils 
twisted or curved, and placed at the end of the nose, whilst the 
second toe of the huid-feet is furnished with a claw. The Quadrn- 



maim of this section are chiefly referable to Madagascar as their 
geographical centre, but they spread from Madagascar westwards 
into Africa, and eastwards to the Indian Archipelago. In this 
family are the Aye-aye (Cheirmni/^), the Loris {Nyciicebidce), and 
the Lemura (Lemaruia). 

The Aye-aye is confined to Madagascar, and is not unlike a large 
squirrel in appearance, having a long bushy taiL The incisors grow 
from permanent pulps, like those of Bodents, and there are no 
canines. The Loria and Slow Lemurs have either no tail or a 
mdimentar3' one, and they are confined to Southern Asia, and the 
great islands of the Indian Archipelago, The true Lemura (fig. 261) 
are principally natives of Madagascar, and are ofteu spoken of as 
" Madagascar cats." They have a soft, woolly fur, and a long tail, 
which is prehensile. The second toe of the hind-foot has a long and 
pointed claw. 

Section B. Platifi-hiiia.—Thia section includes those monkeys in 
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whiuh the nostrils are aimple, and are placed far apart ; the tbumba 
of the fore-feet are wanting, or, if present, are hardly opposable ; 
and the tail is generally prehenaile. The Pktyrhine Monkeys are 
exclusively conflned to South America, occurring especially in 
Brazil, and they are all adapted for a more or less purely arboreal 
Hfe. The best-known members of this section are the Marmosets 
(Hapalida), and the great family of the CAida, comprising the 
Spider-monkejB, the Howlere, and others. The Howlers {Myeetet), 
are remarkable for having a bony drum at the summit of the wind- 
pipe, by which tlie voice is rendered extraordinarily resonant, and 
peculiarly weird and terrifying to those who hear it 

As regards their dentition, the Platyrhine Monkeys differ from 
the Old World Monkeys, as also from Man, in having an additional 
prsemolar on each side of each jaw. They have, therefore, three 
pnemolaiB on each side of each jaw, instead of only two. On the 
other hand, they have either three molars on each side, as have the 
Old World Monkeys and Man, or they have only two. The dental 
formula of the Marmoset is — 
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The dental formula of the Howlere (Mycetei) is— 

,-2-2; .L-1; ™3-3 3-3 
2—2' 1—1' ^ 3—3 3—3 

Sedion G. Catarkina In this, the highest section of the Quadra- 

mono, the nostrils are oblique and placed close together, and the 
thumbe of all the feet are opposable, so that they are truly " quadru- 
manous." The dental formula agrees with that of Man : — 

2—2 ' 1-1 ^ 2—2 3—3 

The incisor teeth, however, are prominent and projecting, and the 
canines, especially in the males, are large and pointed, whilst the 
teeth form an uneven series. The tail is never prehensile, and is 
sometimes absent. Cheek-pouches are often present. In one single 
instance {Colobut) the thumbs of the fore- limbs are wanting. 

With the single exception of a. Monkey which occurs on the Rock 
of Gibraltar, all the Catarhiae Monkeys are confined to Africa and 
Asia The most typical forms of the section are the SeniTwpitheci 
and MacaqueM of Asia. Less typical are the Baboons, which inhabit 
Africa, and are amongst the most repulsive of all the Qaadrumarui. 
In these the tail is always short, and often quite rudimentary. The 
head is large, and the muzzle greatly prolonged, having the uoetrils 
at its extremity. The skull (tig. 262) is furnished with great bony 
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ridges whicL serve for the attachment uf muscles. More than any 
other of the Monkeys they employ the fore-limbs in terrestrial pro- 
luing upon all-fouis with the greatest ease. 



Fl» 2fl2.-Slde-vis» ot the akull of i Baboon (CyiwcepliiUm ursinui). (AfWr Qiebel.) 

The third family of the Oatarhine Monkeys is that of the Antiro- 
p<nd Apes, so called from their making a nearer approach to Man in 
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anatomical structure than Ea the case with any other Mammal. The 
Anthropoid Apes are distinguished by having no tail nor cheek- 
ponches. The limbs are short — shorter than the fore-Umbs — and 
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the animal can progress in an erect or semi - ei-ect posture. At 
the same time the hind 'feet are strictly preheuaile, since the 
thumbs are opposable to the other toee. Tlie amine t«eth of the 
males are very long, strong, and pointed, but this ia not the case in 
the fem&lea. 

In this tribe are the Gibbons, the Chimpanzee, the Orang-outang, 
and the Gorilla. The Gibbons form the genua Hylobatet, and they 
belong to Asia, India, and the Indian Archipelago. The anterior 
limbs in these monkeys are extremely long, and the hands nearly or 
quit« touch the ground when the animal stands erect. The Orang- 
outang (Stmia) has no cheek- ponches, and the hips are covered with 
hair. The arms at« of excessive length, and the hind-legs very 
Bhc)rt. When young, the head of the Orang-outang is not very 
different from that of a child, but as the animal grows, the bones of 




-A, 8kuU of tbe Onns-outang ; B, 8Vi 



the face gradually lengthen, whilst the skull remains much about 
the flame ; gi'eat bony ridges are developed for the attachment of the 
muscles which act upon the jaws ; the incisora project ; the canine 
teeth of the males become long and pointed, till ultimately the 
muzzle becomes as pronounced and well marked as in the Carnivor- 
ous animals (fig. 264, A). The only unquestionable specira of Orang 
is the Simia tatt/ru», which inhabits Sumatra, Borneo, and the other 
larger islands of the Indian Archipelago. The Chimpanzee and 
Gorilla both belong to Africa, and form the genua Troglodytet. 
The Chimpanzee is a native of Western Africa, and has the arms 
much shorter proportionately than in the Gibbons and Orangs. Still 
tliey are mudi longer tiian the hind-limbs, and reach below the 
knees. The hands are naked to the wrist, and tbe face is also naked 
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and much ■wrinkled. The Gorilla is in most reapecfa like the Chim- 
panzee, but is much larger, attaining a, height of fully five feeL It 
is a native of Lower Guinea and Equatorial Africa, and la enor- 
mously strong and vety ferocious. It is now generally looked upon 
as the highest of the Anthropoid Apes. 

OBBBa XVII. BlMANA. 

In this order stands Man alone, and little, therefore, needs to 
be said on this head. Man is distinguished zoologicaMi/ from all 
other Mammals by his habitually erect posture and progression 
upon two legs. The lower limbs are exclusively devoted to progres- 
sion and to supporting the weight of the body. The fore-limbs are 
shorter than the legs, and have nothing to do with progression. The 
thumb can be opposed to the other fingers, and the hands are there- 
fore prehensile. The fingers and toes are furnished with nails ; but 
the innermost digit of the foot (the great toe) is not capable of 
being opposed to the other toes, so that the foot is useless aa a 
grasping organ. The foot is broad and plantigrade, the whole sole 
being applied to the ground in walking. 

The teeth are thirty-two in number, and they form a nearly even 
and uninterrupted series, without any gap or interval. The dental 
formula is— 

2—2 ■ 1— I ' ^ 2-2 ' 3—3 

The brain is more largely developed, and more richly furnished 
with large and deep foldings or convolutions, than is the case in any 
other Mammal Lastly, Man is the only terrestrial Mammal iit 
which the body is not furnished with a general covering of hair. 

The purely anatomical distinctions between Man and the other 
Mammals are thus seen to be not very striking, and of themselves 
they would hardly entitle Man to the position of forming a distinct 
order in the class Mammalia. When, however, we take into account 
the vast ntental differences, both intellectual and moral, between 
Man and the highest of the brutes, and when we reflect that this 
mental difference must have »ome physical correspondence, it be- 
comes a question whether the group JSimana should not have the 
value of a distinct sub-kingdom, whilst there can be little hesitation 
in giving Man at least a daai to himself. 
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Abdoven (Lat. aido. I conceal ; or contracted from adipmiten, doriTed from . 

adept, fat). The hinder portion of the bodj-caTity of the higher animals, 

containing the principal digestive and excretory organe. 
Abkhbant (Lat. aberro, I wander away). Departing from the regular type. 
Abnobhal (Lat. ab, from; norma, a mle). Irregular; deviating from the 

ordinary alAndscd, 
Abomabuu. The fourth cavity of the complex Ktomach of the RummantH. 
Abranchiate (Gr. a, without; bmgcJiia, gills). Destitute of hianchise or 

gilla. 
AcANTHOcEPBALA (Gr. ohinHia, a thorn ; iepkaU, head). A daas of parasitic 

WoTTCSf in which the head ia armed vuth spines. 
AcABniA (Gr. akari, a mite). A division ol the AriKhnida, comprisiog the 

Mites and Ticks. 
ACCRETIOM (Lat. aceretco, I prow lai^er). Tlie process by which inoi^anlo 

bodies (such as crystals) grow luigrr, hy the addition of fresh particles from 

the outside. 
AcKPHALOUB (Gr. a, without ; krphaU, head). Not possessing a distinct hfad. 
AcnsOBoMA (Gr. aJdin, a ray; soma, body). Employed to deaipate the 

entire hody of any AetiitOTo^n. whether this be simple (as in the ^a-anem- 

ones), or composed of several zoiiida (as in most Corals). 
ACTiNozoA (Gr. aMin, a ray ; a)$n, an animal). That division of tlie Coden- 

terala of which the Bea-anemonea may be taken as the type. 
ADDUcTOlt (Lat. adduco, I bring together). The muscles which bring to- 
gether the valves of the shell of the Bivalve Molluscs are known as the 

"addnctora." 
Aerial (Gr. aer, air). Living in the air ; enjoying tlie power of flight, 
AuBULACRA (Lat. ambvlacrmn, a place for walking). The perforated spaces 

or "aveiinee" in the aliell of the Ediinoidea, tbroi^h which are protruded 

the locomotive tube-feet, 
Auetabolic (Gr. a, without; melabolt, change). Applied to those insects 

which do not possess wings when fully grown, and which do not, therefore, 

pass through any well marked metamorphosis. 
Amixba (Gr. a-nKiibM, changing). A species of Bhizopod, so called tVom the 

numerous changea of form which it undergoes. 
Amorphous (Gt. a, without ; morphi. shape). Xot having any definite flgure. 
Amphibia (Ge. amphi, both ; bioi, life). A class of the Vertebrala compriE* — 

Frogs, Newt ' "--'-' '■■-^ ■- ' -"--1- >-— ->- 
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AHPHiDiEca (3r. amphi, ■( both cdiIb ; diiloi, a qnoit or round plat«>. The 

spicniM wliioli «urrouiiii the rajiroduotiva "gBiuiaulM" of Sponijkla, and 

reKmbie two toothud obsvls anited liy an ucl«. 
Amph:oidb (dr. anpAi, it both pnda ; otcm, eharp}. The Luicelst, a corioua 

little fish, whiuh lilDae comtitotM the oniw Pharyngobranfhii. 
Amfbifooa (Or. amphi; and poda, feet). An cvder of the Oniitacea, so 

called becauu >onia ofthe feet are directed forwudii ami noma backwards. 
AnaUiOuUh. Applied to parts which perform the same function. 
An&BTHBOPODa (Gr, a. without; arthroi, ajoint; packet, feet). The division 

of Annulote aniinulu in which there are no articulateii appendagen. 
An.ieuda (a (JalliciBad form of Aniitilata, Int. annulm, a ring). Tha Bioged 

WormB, which form one ofthe divisions ofthe AnaTthrojxxSi. 
ANHCL08A (Lat, aanulut, a rinK). The eub-kingdom cnniprising the Scoleclda, 

Anarihropoda, and ths Arlhropoda or Artic^Uata, in all of which the body 

la more or leas evidently composed of a succession of rings, 
Anouoixihtia (Or. anomot, lrre);ular ; odoui, tooth). An extinct order of 

Reptiles, called by Hillley Dicynaloiitia. 
AmOuUra (Or. anomot, irregular; oura, tail). A tribe of Decapod Crastaceans, 

of which the Hennit-erals are the type. 
AMOPtUBA (Gr, aaopioa, nnarmed ; oura, tail). An onler of Apterous Insectx. 
ANOtTHii or Anura (Gr. a, without; oura, tail). An ordei of Amphibia, 

comprising the Ftoga and Toads, in which the adult is destitute of a 

Antenhx (Lat. anUnna, a yard-arm). The jointed horns or feelers possessed 

by the m^ority ofthe Artiailaia. 
Al'TENI(ULEa(diminntiiBof antejHue). Applied to the smaller pair of anteDim 

in the OnaUura. 
Anthropoid (Gr. anihropos, man; eidos, form). Applied to those Honkeya 

which make the nearest approach in anatomical structure to Han. 
Aphamifteha (Gr. aphannt, inconspicuoua; ji(<n)», a wing). An order o( 

Insects comprisiug the Fleas. 
Aplacimtal {Or. a, without ; Lat. plaixytia, a cake). AT>p1ied to those Mam- 
mals in which the young is destitute of a placenta («e Placenta). 
AfteroOb (Gr. a, without ; plenm, a wing). Destitnte of wings. 
AqOaTIC (Lat. aqua, water). Inhabiting water. 
AtUIKBROiTB (Lat. a^va. water; /era, I carry). Applied to the waterMarrjing 

canal-syatem of the Sponges. 
AbaCBNIDA (Or. arachnl, a spider), A clast of ArUcaiatii. comprising Spiders, 

Scorpions, and allied animals. 
Arakeida (Lat. araitea, a spider). The order of Arachnida, comprising tbe 

true Spiders. 
AnCBXOPTERTX (Or. archaioa, ancient; pterux, wing). A fossil bird, whicli 

alone constitutes the order Saaruree. 
Abenaceoiis. Snody, or composed of grains of sand. 
Ahthropooa (Gr. arthroi, a joint ; boom, feet). The dirision of Aumdaaa, 

in which the body is furnished with jointed appendages. 
Ahticuuta (Lat. artiealua, diminutive of artus, a joint). Sometimee used in 

the same sense as the term ATthropoda. 
ARTI0DAI7TTI.A (Or. artios, even ; dakiiUot, a finger or toe). A division of tlie 

hoofed quadrupede ( f nj^utato) in whicli each foot has an even number of 

toes (two or four). 
AsciDloiDA (Gr. Mitoj. a bag or a leather bottle ; eidai, form). Sometimes 

employed to designate the Ttmicata, an oRier of the lower MBlliaca, from, 

the resemblance of the body in many cases to a two.necked jar. 
AsEXOAL. Applied to modes of reproduction in which the sexes are not con- 
cerned {r.g,, gemmation and fission). 
ASTBBOIDEA (Gr. asUr, a star ; and eidoi, form). An order of Eehinodainata, 

comprising the Star-flshes. characterised by their rayed form. 
AsTOMATona (Gr. a, without ; ttoma, month). Not possessing a mouth. 
Atbiuk (Lat. a hall). Applied to the lai^ chambi^ or "cloaca," into whicli 

the intestine opens In the Tnnicata. 



AUBTCLE ILat. auricula, a little ear). Applied to the cavity of tlie heart which 

drives the blood into the ventricle. 
AvtifUt. ovu, abiid>. The oltm of tlte Birde. 

B.iLANCERS. The knobbed filaments which npreseut the poaterior pair of wings 

in DipteroQB Insectfl ; also called "poiaen, 
Balahid^ (Qr. balanot. au acorn), A family of drriptdia, commonly spoken 

of as " Acom-shells." 
Balbbh (Lat. iojmui, a whale). The homT plates which are placed in the 

opper surface of the mouth of the true or '' whalebone " Whalea. 
BATBACHfl. (Gr. batraclua, a frog). Generally applied Icxjsely to aDj of the 

Amphibia, but aometinies used to designate either tbe entire claaa of the 

Amphibiana, or the aingle onler of the Anoara. 
BirtD. Cleft into two parte ; forked. 
ButAtlA. (Lat. bi>, twice; tnaniu, a hand). Theorder of .Afammnfia constituted 

by Uta alone, 
BlVALVB (Lat Atg, twice ; valva, foldinB-doora). Composed of two platea or 

valves ; applied to the aheil of the Lam^l^fraiKhiaia and BTa^hiopoda^ and 

to the carapace of certain Cruslacen. 
£lastoidea (Gr. Halloa, a bad ; eidoi, form). An extinct order of Eckinoder- 

mtta, often called PerUremitei. 
BbacHiopoda (Gr. brachiim, the arm - podti, feet). A class of the lower JHol- 

iiLtca, often called "Lamp-ehella." chatscterised by having two fleshy ciliated 

"arms" attached to the eidea of the mouth. 
Bhachvura (Gr. brachat, Rhort ; ours, tail), A tribe of Decapod C^ataceaos 

with abort tails; commonly known as Crabs. 
BBaCT. Overlapping appeiid.iges or platea which protect the polypites in many 

of the Oceanic BydroaM. 
Bhakchia (6r. bragchia, the gill of a fish). A respiratory orsan adapted for 

breathing air dissolved in waler. 
Branchiate. PosaeKSing gills. 
Bboxchi (Gr. bro^chot. the windpipe). The blanches of the windpipe (frocAAi). 

by which the air is conveyed Ic the lungs. 
BBUTA([dt. bruha. heavy, stupid). Sometimes uaed to designate the Mam- 
malian order of the JSdailala. 
Buccal (Lat. bucca, mouth or checks). Connected with the mouth or 

cheeks. 
Bvsbub (Gr. butsoa. flax). The silky thrtnds by which many Bivalve Hollusca 

(such aa the Muaaels) attach themselves to foreign objects. 

CaDUOIBRaNGHIate (tsX. cadaatt, falling ofT; Or, bragcKia, gills). Applied 

to tlioae Amphibians in which the gills fall oS before maturity is reached 

{e g., Newta and Frogs). 
CscAL (Lat. ojxva, hlindl. Terminating blindly, or in a closed extremity. 
CficOM (Lat, cacia). A tuba which ends in a blind eitremity. 
CALCARBOm (Lai. calx, lime). Composed of carbonate of lime. 
CaLIcC The little cup in which the polype of a coral -prodndng Zoophyte 

{ActinotoSn} is contained. 
CaLTOOPBOBina (Gr, kalux, a cup; phtro, I carry). Anorder of the Oceanic 

Hydnaoa, so called from their posseasiog bell-shaped awimming-organa. 
Caltx (Lat. a cnp). Applied to the cup-ahaped Ixily of the Bell-animalcule 

( VoTticelta), or of the Crinoidea. 
Campamularida (Lat. campanula, a bell). A RTonp of Sertularian Zoophytes. 
Canine (I^t. canit, a dog). The eye-tooth in the jaw of Man)mala ; so called 

becanse it ia particularly well developed in lioga and other camivoroua 

animals. 
CaRaFace, a protective shield, Apjilied to the head-shield of Lolieters, 

Crabs, and many other Crustaceans ; and to the upper half of the bony case 

In which the Tortoises and Turtles are enclosed, 
CarIHaTs (Lat. carina, a keel). A sab-cl»ss of binls in which the breast-bons 



CABNn'OnA (Lat. caro, Aeah ; voro, I devoar). Aa onUr of tlie Mammalia. 

CASNivoHoua. Living upon animal fooA. 

Cahpub (Or. karpos, tfia wrist). The bdibII bones vhicb intervene between tlie 

fore-nrni and hand. 
CATARHinA (Or, J»iJa, downwards : rAinM, noBtrils). A group of the Monkpya. 

{QuadTumatia). 
Caudal (Lat. eavda, the tail). Connected with the tail or hinder end of the 

Cavicohiha (Lat. eavus. hollow; corau. a horn). The "hollow-homed" 

Rtuniuantii. in which the horn conaints of ■ centTHl bony "horn-core" 

snrronuded bj a sheath of hom. 
CBNTBna (Gr. katlroii, the poiot roond which a circle is described by a pair 

of compasses). The centiil portion or " Iwcly " of a vertebra. 

CkphaUc (Or. kephaU, head). " '-■" -'"- "- ' -' 

Cbphalopo" '" ' " " '^-- 

prising tl ._..._. 

ranged ronnd the head. 
CephalothoraX (Or. kephalf, head ; Ouyrax. chest). The anterior division of 

the body in many Oratlacea&ai Arachnida, composed of the amalgamated 

se;;tneDt9 of the head and thorai. 
CbbbbBal. Connected with the brain, or in a restricted sense with the 

CEBRenUH, Sametintes employed in a general way to designate the entire 
brain ; but properly reatncted to the " hemispherea " of the brain, which 
are believed to be concerned mainly with the dlschaise of the mental 

Cervical (I^t. eenix, the neck). Belonginjc to the neck. 
Cbtacea (Or. kstoi, a whale). An order of the Mammalia. 
CbxtoonaTHa (Or. chaiti, a bristle; gnathot, the jaw). A class of the 

A narthropoda. 
Che[ROPTIHA IGt, cheir, hnnd ; ptiron. wing). An order of tfaminiilta. 
Chela (Or. cheU. a clan). The prehensile claws with which ceHain of 

the limbs are terminated in msny of the Cmtlaixa (such as Lobsters, 

Crabs, &c.) 
Chklonia (Gr. I 
Chitisb (Qr. ckiion, a coat). A peculia , .... . ._ , 

which is found in the outer covenng of many of the Inoerltbrata, especially 

in Arthropoda (Insects, Scorpions, Crustaceans, lie.) 
Chlorophyll (Gr. chloroa, green ; phuUm, leaf). The green coloaring mat- 

Crbtsaus (Gr. thnaot, gold). The motionless pnpa of ButterSies and Moths, 

so called because often ixbibiting a golden lustre. 
ClITLE(Gr. chiUot, yxiix). The milky fluid which is the result of the action of 

the various digestive liuida upon the food. 
CUTLIFIC (Gr. Avloa, Juice ; Lat. facie, I make). Applied to one of the 

stomachs, when more than one is present. 
Chimb (Gr. chvvua, juice). The acid pasty liquid produced by the action of 

the gastric juice upon the food. 
Cilia (Lat. cilium. an eyelash). Microscopic, hair-like illanienta, which haTo 

the power of lashing backwards and forwards, thus creating currents in the 

surrounding fluid, or subserving locomotion in the animal which possesaea 

CiRRHi (lAt. cirrut, a curl). Tendril-like appendices, such as the feet of Bar- 
nacles, and Acoro-shelis {CirripHlia), the lateral processes on the arms of 
Brachiopodi, ice. 

ClBBiPEDiA (Lat. cirnu, a curl ; pa, afoot). A division of the Crtutacea with 
curled jointed feel 

Cladooeba (Gr. kladoi, a bnuich ; ienu, a horn). An order of Cnutaeea with 
branched antennte. 

Clatiolk (Lat. elavieula, a little key). The collar-bone of the pectoral ar 
scapular arch. 
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Cloaca i^■a,t■ a sinV). Tbe common cavity Into which optn th« intestinal 

canal aiid ths ducts oF tbe generative and urinary o^uih in maoy Inverte- 
brates and Bome Vertebrates. 
CsiOM (Gr. ImiiU. a nettle). The urticsting cells ("thiead-eells") whereby 

many of the CaUnUrata obtain their power of stinging. 
Cocoos (Fr. ceeon, the cocoon of the eilli-wonii). Tbe ont^r coverine of silky 

hairs with which the pupa or chrysalis of many Insects is nrotecteo. 
(kBLENTERATA (Gr, kedol, hoUow : aUirron, the bowrll. The snb-kingdoni 

which inclodes the Hydrotoa and AclitH/tea, the most typical members of 

^Hvier'a division of the Radiata. 
CiENOBARC (Qr. kninoa, common ; Hrz, flesh). The common oiyanised medium 

or stem by which the separatezooids of a compound HydnaoHn or Aclxnototin 

are united together. 
CoLEOFTEBA (Gt. ioicoi, B slicath ; pteron, a wing). The order of Insects 

(Beetles) in which the anterior wings are hardened, and form protective 

sheaths for the posterior membranous wings. 
COLUMBACEi (Lat. coluiaba, a dove). The subdivision of the Easorial Birds 

containioK the Doves and Pigeons. 
CotrDn.S{Or. kondtUot, a knaMej, The surface by which one iHwe Is'jointed 

or articulated to another. Applisd especially to the articular surfaces by 

which the head is jointed to the vertebral cotunin. 
CONIROSTBBS (Lat. OHtut. t cone ; nittr)im, a beak). The division of Perching 

Birds with conical beaks, 
CoFKPODi (Gr. Icopf, an oar ; poda, feet). An order of CViMtuMa. 
CoRACOID ((5t. koTOXj a crow ; eidoa^ form). One of the bones which form the 

scapular arch in Birds. Reptiles, and Monotremata. In the majority of 

Mammalia it is a mere process of the scapula, and in Man its shape is sonie- 

CoBALLITE. The entire coral of a aimple Actinozodn, or the portion of a com^ 

pound coral which belongs to, and is secreted by, a single polvpe. 
COKALLUH (Lat. for ted coral). The hard structnres deposited in or by tbe 

tissues of any ..4 ciirtasMn— commonly called a "coral." 
CoBPOa CALLOBUM (Ijit. the " firm body "). The great band of nervous matter 

which unites the two hemispheres of the brain in the Mammaiia. 
COBFCSCULATKD (Lat^ mrpuKoiam, a little tiody or particle). Applied to 

fluids which, like the blood, contain floating solid particles or "corpuscles." 
COKTian, LATER (Lat. cortex, bark). The Isyer of consistent sarcoAe which 

encloses the central " abdominal cavity " in the l7\fiaoria and is covered by 

CoHifNiDA (Gr. h/runt, a cluhl. An order of Hydroid Zoophytes. 

CoBTAt (Lat coaia, a rib). Connected with the ribs. 

CBAHtUH (Gr. kraniim, the skull). The bony or cartilaginous case in which 

the brain is contained, 
CraSPBDa (Gr, krasptdon, a margin or fringe). The long, convoluted cords, 

ointaining thread-cells, which are attached to the free margins of the meseu- 

CREPcacuLAR (Lat. mqiiucujum, dusk). Applied to animals which are active 

in the dusk or twilight. 
Cbinoidea (Gr. krinos, a lily ; eidot, form). An order of Echinodermata 

comprising tomis which are usually stalked, aud somutimes resemble lilies 

CROCODittA (Gr. krf^eodeiUit, a crocodile). An order of Reptiles. 

Chdp. a partial dilatation of the gullet, technically called "ingluvies." Some- 
times it has the form of a membranous bag appended to the gullet. 

CkUSTacsa (Lat. craila, a crui^t). A class of Articulate animals, comprising 
Crabs, Lobsters, kc, characterised by having a hard shell or crust, whicS 
they cast periodically. 

Ctenoid (Gr. klela, a comb ; cidot, form). Applied to those ncales of fishes, 
the hinder margins of which are fringed with spines or cut into comb-hke 

CrENOpaoBA (Gr. kicU, a comb ; jiftero, I carry). An order of Aciiruaoa, 
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IB or " ctenopbores, " or 
taged in comb-like pistes. 
ConiiORBS (l.Kt. tum>. 1 run). An onler or Birds, comprising birds ia which 

there is no power of fiietit, but the hody ia formed, for ruimiag vigorously. 
CUTICLI |Lttt. ctiiiaUa, diminutive of cutu, ekin). The trsnaparent peltlcle 

which forms the outer layer of the hody JD Jn/tuona, The outennoai layer 

of the iiitegunieat geDemlly. 
CrcLUiD |Gr. kulUoi, > circle ; eidai, farm). Applied to those scales of ttshes 

which have > regularly circular or elliptical outline. 
ClBTic (Gr. iuttii, a bladder). Applied to the embryonic fonm of the Tapf- 

wormi which were originally described as ■ distinct order of Parasitic 

Worms nnder the name of Cyttiai, or " Bladder-womis." 
Ctbtoidea (Gr. jtiufia, a bladder; eidet, toim). An extinct order of JEcAino- 

dermata. 
CytOBB (Gr. Jtirfn*, a vessel or cell ; eidoi, form!. A minute mass of prot'i- 

plaam resembling a tnie cell, but destitute of anuclens, and without a proper 

DictPODA (Gr, dfka, ten ; podtt. feet). The division of Cnulaeta with ten 
legs adapted for walking {e.g.. Crabs and Lobsters). Also, the family of 
Cuttle-Mshes {CepkalopoJut) in which the mouth is surronnded by ten pro- 
cesses or "arms." 

Decfdvous (Lat, eUddo, I fall off). Applied to parts which fat) off or are shed 
during the life of the animal. 

..^ ._ ^ -A (Or. rfri«o», terrible ; tenu, horn). '" '' ' 









(Or. driBM. terrible ; wura, lizard). 


Au ei- 


tinct order of Reptiles, 






DkhtaL (Lat. dms, a tooth). 


Connected with the teeth. 




Dentjhobthes (LaL rfeiu, a 


tooth; ToilTum, bcakl. The divisio 


n of the 


Perch ing Birds in which th 


upper mandible of the bill has its lowc 


r mai^ui 



on). The '■midriff," or the muscle 
ivity of the obest fram that of the 

abdomen. 
DlBEiANCHIATA (Gt, (its, twice; bra^ua, giLs). The order of Cephalopoda 

(comprising the Cuttle-fishes, kc.j Id which only two gills are present. 
DiCTNODONTiA (Gr. lOt, twlce ; ituon, dog ; odous, tooth ). Au extinct order 

of Reptiles, called by Owen Atuaaodonlia. 
Digit (Lat. aigiiia, a linger). A fint^r or toe, 
Dl01TiaRAD4 (I^t. dimtua, a finger ; gradior, I walk). The divition of 

Carnivora in which the auimal walks upon the tips of the toes. 
Dipnoi (Gr. du, twice; pnoi, breath). The order of Fishes represented by the 

Lepidotiren. 
DiPTERA (Gr. dit, twice ; plenm, a wing). An order of Insects characterised 

by the possession of two wings only. 
DiBCOrHOBA (Gr, di3koa, a quoit, or round plate ; ^uto, I carry). Tlie 

iV«£u»e, or Jelly-liahes, so called from their form. Also the order of the 

Leechoa {Hirudinta). from the suctorial discs which they possess. 
Distal. Applied to the quickly growing end of the hydrosonia of a Bydro- 

zoea; also to the end of a limb, or any portion oC a limb, furthest removed 

f^oni the trunk. 
DlUBNAL (Lat diiirwit, daily, by day). Applieil to animals which are active 

during the day. 
DonaAL (Lat dorguiB; the hack). Connected with the region of the back. 

GcHlHODBRUATA (Gr, ecMims, a hedgeht^ ; drrma, skin), A olass of aninialn 
comprising the Sea-urchins, Star-tiehes, and others, most of which have 
spiny skins. 

EcuiNOlDEA (Or, tchinii), a hedgehog ; tidor, form). As order of £cA>n(i<i«r- 
nuUa, comprising tlie Sea-urchins. 

L,.,„™:„C00SIC 
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EcTOOYST (Gr. ektoi, oatside ; kiutU, a bladder). Tlie external mveatment of 

tbe polyiiida of a. fulyiMii. 
EcTOUKRU {fir. ekiut, outside ; derma, akin). The eiternal IntegqrosntBry 

layer of thH Cr^atterata, 
EdshtaTa (LEit. e, without ; dent, tooth). An oiilei of Mammolia, in which 

some or all of the teeth ore wuitiuK. Often called BriUa. 
Elasuobbanchh (Gr. elatma, a strap; bragchia, gill). An order of Piahe>, 

includiiiE the Sbaiks and Rays. 
Elttba (Or. dutron, a slieathj. The hard chitinons antsrior pair of wings 

in the Beetlea, which form protective cases lieneatli wliich the posterior 

membtanous wings can be foliled. 
Endocist (Or. endon, within; tiuiia, a b«g). The inner niemhrane of the 

polypiile of a FolyioSn, 
Emdodkrh (Gr. eTuton, within ; derma, skin). The inner int^umeutaijr layer 

of the Calenterata. 
Endoskelgtok (Gr. endint, witliin ; ilcdttoiy dry). Hie iatemal hard struc- 
tures, such as bones, whicii aurve for the attachment of muscles, or tha 

protection of organs, and which ate not merely produced by a hardening of 

ths integument. 
Emiouostraoa (Qr. mfona, insects; oatrakon, shell). LiUrally, "Shelled 

Insects ; " applied to a division of the Cnatacea. 
Entozoa (Or. enfo, within; xoOh, animal). Animals whicli lire parasitically 

in the interior of other animals. 
EqiULATERAL {Lat. irquus, equal ; latia, side). Having its sides equaL 

Usually applied to the shells of the Brachiopoda. 
EkjuiVALVK (Lit. itqsiiii, equal ; valixe, folding-doors). Applied to shells which, 

like those of moatoftlie LameUibrandliata, are conipoaedof two equal pieces 

Ebuantia (T.at. frrn. I wander). An order of Annelida, comprising farms 

which are capable of active locomotion. 
EuBTPTEBiDi (Or. eanu, broad ; pleron, wiug). A group of extinct Cm- 



Feuur. The thigh-bone, intervening between the pelvis and the bones of the 
le(r proper {tibia and fibula'). 

Fibula (Lat. a brooch). ITie outermost of the two bones of the leg in the 
higher Vcrl/Arata. 

Fission {hut. Jindo, I cleave). Multiplication by means of a process of self- 
division. 

FlSSlBOsTBES (Lat, fijuu, cleft ; roi(ruin, beak). A sub-order of the Perching 
Birds, in which the beak can be opened to a great width, 

Flaoelluh (Lat. a whip). Vibratite filaments, allied to cilia, but differing in 
being much longer, and generally present only in small numbers. 

Foot. The muacnlar oniaii developed on the under surface of the body in tiie 
higher MoUuica, and subserving locomotion. 

FooT-jAwa, The linibs of Cnulaaa. which are so modified as to subserve 

Foot-ti;be HOLES. The ui!Jolnl«d lateral appendages of the Annelida, which 

subserve locomotion, but are not articulated to the body. 
FoBAUiNlFEHA (Ut./orain™, an aperture ; /ero, I carryl. An onier of i*ro- 

iozoa, usnally characterised by having a shell perforated by numerous holes 

or " foramina," through which the pseudopoilia are emitted. 
FkuqivoRoDs {ht.t.fnix, fruit; w/rv, 1 devour). Living upon A-uits. 
Funnel. The stomach sac of the CUnopAvra; the ninscular tube of the 

Cuttle-fishes by which the wafer filling the mantle-cavity is ejected. 
FUKCULUM. properly Fubcula (Lat. diminutive of/urea, a fork). The V-shapwl 

bone or "merry-thought" of birds, formed by the united clavicles. 

Gallinacei (Lat. •jalliaa, a fawl). Often applisd to the entire ordci- of the . 



Rasoriiil Birds, but proper!]' restricted to that section of tlie Baiorei at 
which the common fowl is a typical example. 



Oanouoh (Or. i/aggtimi, ■ knot). A mua of nervous matl«r containing ni 
■'igoriiiu* 

101, snlei , , - , 

poaed of jHine, with an outer layer of polished el 



_._. .__JB(Gr. r 

cells, and giving orinn ton— .- - 

Qanoid (Or. i/anoi, s^eDdonr ; tidoa, form). Applied to those scales of Hshea 

which are composed of bone, with an outer layer of " "*'"' "' ' 

Gamoidgi . An order of Fishes now mostly extinct 
Gastkhopoda (Gr. gaater. Iwlly ; purfes, feet). The class of the Molttiaca, 

comprising the ordinary Univalves, in which locomotion is usually effected by 

creeping aoout on a flattened ' ' foot. " 
GEuyATlON (L«t gtmma, a bud). The production of fresh structnrea by a 

process of budding. 
Qephtbea (Gr. gepkum, a bridge). A class of the Anarthmpoda. 
Gizzard. A nioeculaj' division of the stomach in Insects, Birds, kc 
GOKOPHOKK (Gr. jjoiHM, offapring ; phero, 1 bear}. The generative buds, or 

receptacles of the repiodactive elements, in the Hydrosioa, whether these 

become detached or not. 
GoNOBOME (Gr. gonoi, offspring ; smrui, body). Applied collectively to the 



GRAPTOLTTiDfi (Gr. gTCtp/io, I write ; lilhoa, stone). An extini 
the BydToma. 

s {Lat gregarixa, occurring in numbera together). 



Gullet. The tube which leads from the throat to the stomach. 

HxuAT: (Gr, haima, blood). Connected with the blood-vessels, or with ths 

circulatory system. 
Hallux (Lat. AaMee, the thumb or great toe). The innermost of the live digits 

which normally compose the At?i3-foot of a VertiibrBle animal. The great 

HwrrocoTTLua (Gt. hthUon, a hundred ; kotulos, a cup). One of the " arms " 

of the male Cuttle-fishes, motamoiphosed fur reproductive purposes. 
Hbliozoa {Gr. helMt, sun ; loAi, animal). An order of Pfotoam, with radiating 

pseudopodia. 
Hemblttba (Gr. S«ni,ba!f; e^ufr™. a iheath). The wing of cert^n Insects 

{HetMfiUra), in which the inner portion of the wing is hardened by diitine, 

and resembles the elytron of a beetle. 
Hkwhktabolic (Gr. keiai. half ; mUc^oU, change). Applied to thoae losects 

which undergo an incumplete metamorphosis. 
HemiptBra (Or. Arow, half; pleron, wing). An order of Insects so called 

because the anterior winga are sometimes in the form of " hemelytra. " 
HBRMAPHRODrtB (Gr. JJermea, Mercury ; Aphrodite, Venus). Possessing the 

organs of iioth sexes combined. 
! Heterocbrcal (Gr. helerot, diverse ; kerkot, tail). Applied tn tlie tail of fishea 

when It is nnequally ial>eil. 
HETKBOOENBOns (Gr. htiirot, diverse; genai, kind). Unlike or dissimilar in 

kind. 
Hetebomurpbio (Or. keiero*, diverse ; morphl, shape). Differing in form or 

Hkteropoda (Gr. heteroa, diverse ; podet, feet). Aa order of Gasteropodoua 

Mollnscs. 
HiLUM (Lat. a little thing). A small aperture or depression. 
HlBUDlNEA (Lat. hirado, a horse-leech). The order of Anntlida comprising 

the Leeches. 
HoLOCBPHALl (Qr. holoa, whole ; kepkall, head). A sub-order of the Eliumo- 

hranthii. 
Hor.oMKTABOLlc (Gr. fcoIrM, whole ; mrftrtoM, change). Applied to those Insects 

which undei^ a complete metamorphoais. 
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Bolotiiuboidba (Gr. holoihouTioa). Tlie order of EchinodermtUa, comprising 

the Sea-ciicumb«ra. 
HuMocERCAL (Gr. Atmoi, Bsnie ; ktrkot, tail). Applied to tlie CsU ot flihn 

when the tiivo lobeg are equal. 
HOMoatSBOVa lOt. homoa, sBine; genoa, kind). Oflike kind or natDre. 
UoHOLOGOua (Gr. hmnoi. same ; iogat, a discourse). Applied to parte whicb 

are canstructBd upon the fiaine fandamental plan. 
HoMOMOBFHOns {Gt. himoi, same ; taorpM, form). Having a similar external 

appearance or form, 
HuMEBUS. The bone of the upper arm in Vertebrata. 
Hydatid (Or. hudalit, a vesicle). The bladder-worm oF one of the tape-woi-ms 

of the di^. 
HvDRA (Gr. Kudra, a water-serpent). The generic name ot the Fresh-water 

Polypes, 
IlTDBOlDA (Gr. htidra: and eidos, form). The Bub-clase of the ff^ifroioa, con- 
taining ttie animala moat nearly allied to the Hydra. Often spoken of as tlia 

Hydroid Zoophytes. 
HlDRORKlZA (Gr. hadTa; and rhiaa, root). The adherent base or proximal 

eitremity of any ffydrozodn. 
Hydbosoui (Gr. Aurf™,- and soma. body). Tlie eutire oi^anism of any 

Hj/drozoOn. 
Htdbotheca <Gr. hadra; IhekS, a case). The tittle chitinous cups in which 

the polypites of the l^iuiaTida and Campanviarida are protected. 
Hydhozoa (Or. ho'ira : toon, animal). Tlie class of the C/elaUeraia which 

comprises animals constructed aftsr the type of Ihe Hydra. 
HvMRKOrTERA (Gr. hviaea, a membrane ; pteron, a wing). An order of Insects 

(comprisine Been, Ants, kc.) with four membranoas wings. 
Htoih (Gr. v; adni, form!. A bone which supports the tongue, and whicli 

derives its name from its rewmhiance in man to the letter U. 
Htbacoidea (Gr. hwrax, a shrew ; tidos, form). An order of MaiBmaiia. 

iiTTKYOKOtiPHA (Or, ichthui, B fish ; mt^rphi, shape). An order of Amphibia, 
comprising the Hnh-lihe Newte, kc, 

^HTHYOFHTIUitA (Ot. tchthua, a fish ; plUluir. a lunse). An order of 
Cruslaafa. 

iHTHTOPaiDA (Or. ickihta, liah ; opria, appearance). The primary division of 
the VerlAmta, which includes the two clasnet of the AmpkH/ia and Pissea. 
iHTHTOPTEitToiA (Gr. ichthKt, a fish ; plKTux, a wltig). An extinct order of 
Reptiles. 

idTHTOSAPRIA (Or. i^thaa, a flah ; aaura, a liianl). An extinct order of 
Reptiles. 

lAOOfUl 

through al. 

rciaOR (Lat. iiicuIk, I cut). The cutting teeth flxed in the front of the npper 

jaw, and the corresponding teeth in the lower jaw of the Mammalia. 
NEqu [LATERAL. Having the two sides unequal, as is the case with the shell 

of the ordinary bivalves [Lamelljbranehiala) 
HEtiuiVALVB, Composed of two unequal pieLes or valves, as is the case with 

the shells of the Brackinjioda. 

JFtisoRiA <Lat. infiisam, an infusion) A class of Prototea, so called from 

their frequent occurrence in organic infusions 

iSBcTA (Lat. inaeco, I cut into). The class of Articulate animals commonly 

known as Insects. 

„ inieUvm, an insect ; voro, I devour). An order of Mam- 

Living upon Inaeeta, 
lNterahbulaCha ( Lat. irUtr, between ; i 

rows of plates in an £c%ii) us which are 

tnbe-feet, 
I:'TUSSUSCEi>nai( (Lat. I'nfus, within ; aitacipio, I take up). The act of taking 

foicign matter into ■ living being. 



ItrvBRTKBRATA (Lat. in, without; vertdira, a bone of t1i« back). Anlnutls 
a Older o( Cnuiacea la which the 

Labicii (I«t. for lip). Restricted to the lower tip of Articulate animals. 
L*BHUi( (Lat, for lip). Kestricted to the upper hp in Articulate animals. 
LABntlHTHoDONTU (Qr. 2a6urinlAoa, a Ubyrintb ; otfoua, atooth). AneiUnct 

onter of Amphibia. 
Lacibtilla {Lat. iacerta, a liiard). An outer of R^ilia, compriiiDg the 

Lizards and Slow-worms. 
LsMODiPODA (Gr. tainoa, throat ; dit, twice ; jtodts, feet). Au order of Cnis- 

tacea with two legs under the throat. 
La HELLIB RANCH [ATA {Lat. lameUa, a ^late ; Gr. bragchia, gills). Tlie class of 

ifoUuaca comprising the ordinary Bivdlved with leaf-like gills. 
Lahva (Lat. a mask). The insect in its HrHt staae after its emei^Dce from 

the egg. when it is asusily very ditferent from the adult. 
LKPinoPTBBA (Gr. Itpii, a scale ; jitenm, a wing). The order of Insects, com- 
prising the ButterHieE and Moths, characterised by having four wings usually 

covered by minnte scales, 
LtNODAi. (Lat. li'Rgua, tonsue). Conaected with the tongae. 
LliCEBNABlDA (lAt. luccma, a lani))!. An order of the liydTOXoa. 
LuMBAB (Lat. lambuj, a loiu). Connected with the loins. 

Macrura (Gr. makna, long ; mra, tail). A tribe oF Decapod Cmiiactanji 
with long tails (e.r7., the Lobster, Shrimp, &c. ) 

Madbkpdhiforh. Perforated by small holes, like a coral (or imujivpore), 
applied to the spongy tubercle by which the water- vascular system of 
Ecninoderms mostly communicates with the exterior. 

Haib^CODBRHaTA (Gr. ma/oihw, soft ; derma, skin). Applied to s group of 
the Aclimaoa, comprising the soft-skinned 8ea-anemone». 

Haij/iphaga (Gr. mallos, a fleece ; phago, 1 eat). An onier of Insects, com- 
prising the Bird-lice. 

Mammalia (Lat. mamma, Qie breast). The class of Vertebrate animals which 
BUL-kle their yonug. 

Mandible (Lat. manditulKm, a Jaw.) The mandibles are the first pair of 
*n Insects and Crustaceans. In Spiders they are the modified ai ' ~ 



jaws in Ii . . 

In Ccphalopods they constitute the homy beak. The lower jaw of Vertc- 
hrates is the mandible. 
MaKTLK, The entenial intenunient of most of the MoUiima. which is largely 
developed, and forma a cloak lor theinlemal oi^ns. Technically oalled the 

Manubrium {Lat a handle). The central polypitc which is suspended from 

theroof of the swimming-i«llof a J/ai[v«aoriiiedusifonii gonophoie auiongst 

the Jlydtmoa. 
Mahsipobrakchii (Gr. martipot, apoiich ; bragthia, gills). An order of Fishes, 

comprising the Hag-lishes and lampreys, with pouch-like gills. 
Marsupialia (Lat. taaravpium, a poucb). Ad or<ler of Mammals, in which 

the females are Dsually furnished with an abdominal pouch in which the 

Masticator: (Lst. mastieo, I chew). Adapted for chewing, 

MeDUSjC. A group "f Hydrotea, commonly known as .Jelly-1lBhe», so called 
because of the resemblance of their tentacles to the snaky hair of the Medusa. 

Medusipobh. Resembling a Meduia lu shape. 

Mbdusoid. Like uifediua. Used as a noun to designate the mediisiform 
generative bods (gonophores) of the Hyd<nKoa. 

Mehbrana MCTl tans (Lat. nicfo, I wink). The third eyelid present in Birds, &c 

Mei^ubtohata (iir. mium, thigh ; atoma, mouth). An orJi^r of CrudaMa. 

Mesenteries (Gr. m^soi, intermediate ; mteron, intestine). The membrane 
by which the InCvetine is attached to the waits of the abdomen. In a re- 
stricted sense, the vertical plates which divide tlie somatic cavity of a Ses- 
■nemoae into chambers. 



METiCARFua (Gr. meta, after ; learpot, the wriatl. Tlie bones nliicli Totm ^e 

"root of ihe liand." and intervene between the wrist and the fingers. 
MKT*iiultPHO»is (Ur. mela, ilaLotiiig change ; moi-phU, Ibmi). The changes of 

form which certain aiiiiiislit undergo in passing from their younger to their 

fnlly-grown couditi -n. 
UsTATARHua (Gr. mela, after ; taram, ths inatep). The bones wliitli inl«riena 

bstHpen the innlep {taratu) and the digits in the hind-foot of tlie liigher Ver- 
tebrates. 
H£TAZOA (Gr. mela. bejond ; iMm, animal). A name applied collecdvely lo 

all animals except the Protozoa, the latter being unicellular, nhile all other 

animals are niulticellaUr. 
HoLABS (Lat, mala, a mill). The "grinders " in man ; or the teeth in Mani- 

mali which are not preceded liy muk-t«eth. 
MoLLOsCA (Lat. niotiU, softl. The sub-kingdom which includes the true 

Shell-Hsh, the Polyzoa, the Sea-squirts, and the Lamp-shells. 
MULLUSCOIDA (Moiliaca, and Or. eidos. form). Th« lower division of thu 

Moibaca. comprising the Folysaa, the Sea-sqnirts {Tanitala), and the 

lAmp-ehella {Brathiopoda). 
MuNKHA (Gr. mon*ra, single). An order of Protozoa, comprising animals 

composed uf sim^e andilTerentiated sarcode. 
MONnTBALiHOUB (Qr. tnOKOS, ringle ; thalamoa, n chamlwr). Consisting of 

only a single chamber. Applifd to the sbelU ot FoTumin\ftTa and UoUvaai. 
MONOTBEMATA (Gr. vumnt, single ; trema. an aperture). The order of Mam- 

mala, comprising the Duck-mole and the Spiny Ant-eater, in which the in- 
testinal canal opens into a "cloaca" common to tlie ducts of the urinary and 

generative organs. 
MottPHOLoav imorphi, form ; logos, ilisoourse). The science of the external 

form and internal stTuclure o( the various parts and organs of different 

animals. 
MuLTrVALVB (Lat. mu/rw). many; co/ne, folding-doors). Applied to shells 

which are composed of more than two pieces or valves. 
MvBiAPODA (Gr. taurioa, ten thousan'ti podu, feet). A class of Articulate 

aDJntsIs, comprising the Centipeiles and their allies, characteriBed hy the 

possession of numerous feet. Often, and phtlologically moi« correctly, spelt 

Mgriopoda. 

Natatobks (Lat. nare, to snim). The order of the Swiinming Birds. 

Natatobt. Adapted for swimming. 

NAUTiLOiD. Shaped like the shell of the Nautilvi. 

Nbctocaltces (Gr. nlchii. I swim ; kalvx, a cup). The swlmniing-bells of 

the Oceanic Hydmtea. 
XgMA'njDA or NKMAroiDEA (Gr, nima. a thread ; eidoa, form). The division 

of the Sa^ida comprising the Tnreail-worms and Round-worms. 
Nebvdrks (Lat nennta, b sinew). The ribs which support the membranous 

wings of insects. 
NbubaL (Gr. neuTon, a nerve). Connected with the nervous system. 
Neuboptera (Gr. nsuTon, a nerve ; ptervB, a wing), ha onler of InseeCs in 

which the wings are membranous ami have numerons tnl«rlacing nervures. 
Nocturnal (Lat. nox, night). Applied to animals which are active at night. 
HORMAL (Lat. norsui, a rule). Conforming to the onlinary standard. 
NoTOcaORD (Gr. nStoi, the back ; chordfj a string). A cellular rod which is 

developed In the embryo of Vertebrates Jmmediately beneath the spinal cord, 

and which is usually rephiced in the ailnlt by the vertebral column. 
NocLBOLUS. The minute solid particle found in the interior of the nucleus of 

some cells. Also the minute body attached to the exterior of the "nticleus" 

of certain of the I'^fusoria. 
Nucleus (Lat. a kernel). The solirl or vesicular body found in the interior of 

many cells ; also the solid rod, or hand-shaped body, found in the interior ot 

many of the Prolataa. 
NUDIBRANCHIATA (Lnt tiiidvi. Tiakcd ; Gr. brajthia, gills). An order of the 

Qatttropoda in which the gills ore naked. 
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OOEAHIC. Applied to snlninlx which Inhabit the open ocean. 

OCToeoDi. (Cr. aclo, eight; poda, feet). The tribe of Cuttle-fishes witli eight 

■mil round the head. 
OdontolcJ! <Gr. orfmu, a tooth: holkoi. a furrow). An orderof extinct Birds. 

comprising only the genua Itetperomu, in which the teeth are sunic in a, 

deep (troove. 
Odontophore (Gr. admit, a tooth ; piero, I carry). The so-called " tongue " 

or masticatory apparatns of the Gasteropoda^ PUropoda, Cephalopoda. 
OdoNtcirnitheb ^^ir. odotu, tooth ; oraii. bird). The eitinct sub-class of 

Birds comprising forms with distinct teeth in toclceta. 
0D0HTOTolt»l« (Gr. odout, a tooth ; iarmoi, a socket). An order of eitinct 

Birds, comprising IchlhyoriHi only, in which the teeth are sunk in sockets. 
(EsoPBAOUH. The gullet, or tlie tabe by whiuh the food is conveyed fmm the 

mouth to the stoniach. 
Oljooch£ta (Gr. oltgot, few; chain, bristles). An order of tlie Anitelida, 

comjirising the Earth-worms. 
Omasum (Lat. bullock's tripe). The third stomacli of Ruminanti', commonly 

c»lled the "psallerinm." 
OHNIviiRnirs (LaL otnnui, everything ; rom, I devour). Feeding indiscriiuiu- 

alely upon att kinds of food. 
Operculum (Lat. a lid). The shelly or homy plate by which the abell of a 

Univalve Mollusc is closed when the animal baa retired wit>iiD it ; also ihe 

chain of Hat bones which covers the gills in many fishes. 
Ofhidia (Gr. ophia, a serpent). The order of Ite[>tile9 compriaing the Snakes. 
Ofhiomorfha |Or. opkit, a serpent ; morphl, shape). The order of A mphiiiin 

comprising the CcecUue. 
OpmUROlDlA (Gr. opku, a serpent ; oura. tail ; eidos, form). An order of 

Echinodermfiia comprising the Brittle-stars and Sind-stars. 
Opisthockblous (Gr. opialhen, behind ; koiloa, hollow). Applied to verte- 

bne, the bodies of which are hollow or concave behind, and convei in front. 
Oral (Lat. a, tbe mouth). Connected with the mouth. 
Obtiioptera (Gr. orthoi, straight ; jWeron, a winK). A ii order of Insects. 
OacULA (Lat. diminutive of os, mouth). The lai^ apertures (" exhalant aper- 
tures ") by which a sponge is perforated. 
OsTBicoD* {Gr. oiirnknn, a shell ; eidot, form). An order of small Cms- 

laceans which are enclosed in bivalve sheila. 
Oviparous (Lat. otrvni, an egg; pario, I bring forth). Applied to aoimala 

which bring forth eggs, in uontradistinctioa to those which bring forth tbeir 

young alive. 
Ovipositor (Lat. o»um, an epg ; pono, I placel. Tlie organ poasessed by aonie 

insects, by means of which the eggs are placed in a position suitable for 

their development. 
Ovisac. The eiternal bag or sac in which certMn of the InvaitbriUa cany 

their eggs after they aie eitruded from the. body. 
OvoviviPAROUH {Lat. omtm, an eg,%: vimii, alive ; jrario, 1 bring forth). 

Applied to animals which retain their egga within the body until they are 



PiLLiAL. Connected with the niantla or "pallinra." 
PiLLLDH (Lat. a cloak). The " mantle " of the Moilitaca. 
Paul (Lat. palpo, 1 touch), Processea aupposed to le oi;gans ol 
developed from certain of the orgaus of the mouth in various A 
animals, and from the sides of the month in the Bivalve Molluscs. 



)r " foot-tutoercles " of many of the AniuUda. 
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Paribtal {Lat paHa, a wall). Connected with the walls of a cavity or of 

tlie body. 
PAKlETO-epLANOHHlo (Lat. paries, a waii ; Gt. apiagcknon, an internal organ). 

Applied to one of the nervous ganglia of the MoUitaisa, which supplies the 

walls of the body and the viscera. 
PataQIuh (I^t. the border of a drew). Applied to the eiipangioa of the 

integument by which Bats, Flying Squirrels, and other antnialB support 

themselves in the air. 
Pectoiul (Lat. peciai, the breast). ConneCteil with the chest 



Bdi%niideTine, attached to the surface of the body, i 

pair of pincers supported on a stalk. 
Pbdifalfi (Lat, pa, foot ; palpo, I feel). An order of Aracknida comprising 

the Scorpions, Jtc. 
PKDiracL'LATKD (Lat. pedunailui, a ateml. Supported upon a ntem or stalk. 
PBLvia (Lai. ba^iu). The bony arch wild which the lower or posterior pair of 

limbs is connected in many Vertebrata. 
Pbrenhibbakcihata (Lat. jwrentM, perpetual; Or. bragchvi, gills). Applied 

to those Amphibia which retain their gills throughout life. 
Pkrissod«cttla (Gr. periasot, uneven ; daktiiht, finger). Applied to those 

Hoofed Mammals {ifngulata) whicit have an uneven number of toea. 
PBBlViscKRAL (Gr. peri, around ; Lat. vistem, the internal organs). Applied 

to the space surrounding the viscera in most animals. 
Phalanues (Or. phtdanx, a row). The small hones composing the digits of 

the higher Vertebrates. Kormally each digit has three phalanges. 
PBAHTNOOBRANCHn (Gr. pharuax, the pharynx ; bragchia, gills). The order 

of Pishes comprising only the Lancelet. 
Phakvhx. The npner part of the gullet, 

PhtLLOpoda (Gr. jjAui&n, leaf ; podea, feet). An order of Cnutacea. 
PBTSOPBOBIDa; (Gr. pkusa, bellows or air-hloddcr ; jjiero, I carry). An order 

of Oceanic Hydi-otoa. 
PitiN« (Lat, pinna, a fnather). Lateral processes, applied especially to the 

processes of the arms of Crinoids, or of tbe tentacles of Alcyonaria, 
PlNNiaSADA (I«t pinrnt; and gradior, I walk). The family of Camivora, 

comprising the Seals and Walruses, adapted for an aquatic life, 
PiBCKS (lat. piacit, A fish). The claas of the Vertebraia comprising the 

pLAOEHtA (Lat a cake). The " after.birth," or the organ by which a vascular 

connection is established in the higher Vert^rala bi^tween the mother aud 

the young animal previous to its birth. 
Plicental. Possessing a placenta, or connected with the placenta. 
Placoid (Gr. plax, a plate ; eido», form). Applied to the irregular hony 

plates, grains, or spines which are found in the skin of various fishes. 
FLAOlOBTOin (Or. plagios. transverse ; ttoma, month). The Sharks and Rays, 

in which the mouth la transverse, and is placed on the under surface of uie 



li the sole of the foot is applied to the 

grouna. 
PLANrioBADK, Walking upon the soles of the feet, 
PlaSIROS (Or. tmplaslroii, a plaster). The ventral shield of the case of the 

Tortoises and Turtles (C'telonia). 
pLATTRHmA(Gr. jrfaiiu, broad; rhinea, nostrils). A group of the QaadTU- 

PLEBioHADKtA (Gr, ficsiog. Dear; tavra, a litard). An extinct order of 

Reptiles. 
Plutecs (Lat a shed). The larval form of the Sea-nrchlns {BcMnvt). 
Pneumatic (Gr. pntvma, air). Filled with air. 



Jooglf 



PoiBBna. See B 

POLLEI (Lit. Ihn thumb). The innemioet of the normal five digits of thefora- 

foot of the higher Vertebnta. The thumb of msii. 
POLYCHSTA (Qr. poiut, msti]' ; chaiU, bristle). The order of the higher Aim«- 

li[le«, comprising the Sea-wormi, In vbich the foot-tuberciea carry tafis of 



one male consorU with several Sen 
PoLTQASTHica (Or. jmlva, mauj ; iiaiur, atoiDfich). The name apjilied by 

Ehrenberg to the InfutorUt, under the belief that th«y posse&sud mauy 

stomachs. 
PoLYPABT. The hard chitinops covering secreted by many of the Hydroioa. 
POLTPB (Or. polva, many; potts, foot). Eestricled In modem nsage to the 

single individual of a titaple AclintaoSn, or to the separate loijida of a 

compouiul ActinotSon. 
POLTFIDE. Tbe separate zoiiid of a PotysoOn, 



d of a BydrtaoOn. 

_ . ^ . many; thabanctj c 

Applied to the shells of Foraminifera and C^halopoda. 



POLTTHALitltOua (Gr. polia, many; thalamot, chamber), 
leshellsotJ" ■ ■' ■■ ' '- 



..jg the lowest class of the MoUutca. 

POBIPBBA (Lat yorui.a pore \ fero, I carry). The Sponges, ao called because 

the body is furnished with caaala tenuinating on the aurtace in larger or 

smaller openings. 
Pbxholabs (Lat. pne. before ; molant, grinders). The teeth which succeed 

the molars of the milk-set of teeth. 
Phs-iesophaqeai.. Situated in front of tbe gullet. 
pBOBOsciDKA (Qr. pToboicit, the snoot). The order of Mammals comprising 

the Elephants. 
PbooiELODS (Gr. pro, t^nt; hoUoa, hollow). Applied to vertebne, the bodies 

of which are hollow or concave iu front. 
Protophtta (Gr. pmUu, first ; pkyion, plant). The lowest division of 

pEtOtOPLASU (Or. protos, first; ptaaao, I mould). The elementary basis of 
organised tissues. Seen in its least modified form in the " sarcotle " of the 

Pbotokoa (Gr. protoa, first ; zona, animal). The lowest division of the Animal 

Kingdom. 
Pboxihai. (Lat. nroximui, neit). The slowly growing, comparatively filed 

extremity ot a limb or of an organism. 
Pbaltebiuk (Lat. a stringed instrument). The third stOmach of the 

Ruminants. 
PSEUDOHSMAL (Gr. pseudos, false; haima, blood). The vascular systeai of 

the AnTidida, 
PBKDi>n-HKARTa. CoutractllB cavities connected with the reproductive system 

of the Brachiopada. 
Pbeddopodia (Gr. ptetidoi, falsity ; poda, feet). The teniporarj' eitensions of 

the body-eub«tance which are put forth by the Rhiaipvda at will, and which 

serve both tor locomotion and for prehension. 
Ptbbopoda IGr. plenm, a wing ; podea, feet). A class of MoUiuca swimming 

by means of fins attached to the sides of the head. 
Pterosauria (Gr. pteron, a wing; aaura, a lizard). An extinct order ot 

BepCiles. 
PuLHOKAKT (Lat. pulmo, a lung). Connected with the loogs. 
PhlmoNatb. Possessing lungs. 



_..,i,z<,d..,GoogIf 



. ,. _ ;e of tha raeUmorplioaia of an 

pr«cedLDg its appearBUce in a pertect conditian. In this 
very oltcn motionleas, and ia onen calleil a " chryealia." 
Pylobus (Or. paUroa, a gatekeeper). The Talvular aperture tetwf 
it of the ii' ■■ 



QrTADRnu4NA (Lat, quaiiwr, four; mania, band). The oril«r of Mamjnalia 

comprising tlie Hoiikeys, Babooos, LemurB, ke, 
QUADBUUANODS. Four-haniled. 

Badiata (Lat. raditu, a ray). Formerly applied to a lane onmber or animals 
which are now placed in separate sub-kingdoms (e.j-, the CaUnUrata, Jich- 
ituidermala, iTifuamia, kc. 

Radiolabu (Lat. radiut, a ray). An order of Jthimpoda. 

Radius. Tb- ' ' -'"■- ■ — ■• '-■-- ' •■ 

brates. U 
the hind-iii_._. 

RAFTORBa (Lat. rapio, I plunder). The order of the Birds of Prey. 

BaptobiaL. Applied to aaimaie which live by preying npoit other animals. 

Rabores (Lat. rado, I scrape or scratch). The order of the Scratching Birds 
(Fowls, Pigeons, i=.) 

Eatit* (Lat, ralea, a raft). Applied by Hniley to the Cursorial Birds, which 
do not fly, and have a raft. like stemnm without any median keel. 

Ke^tIlia (Lat. rtplo, I crawl). The class of the Verld/rala comprising the 
Tortoises, Serpents, Liianla, Crocodiles, Jtc. 

Reticuhim (Lat. a net). The second skiniach of the Ruminants. 

Rllizoi^^DA (Gr. Th-aa, a root ; podes, feet). The division of I'lottaoa compris- 
ing all those which are capable of emitting pseudopodia. 

ItoDENTiA (Uit. rodJ), I guaw). An order of the Mammalia. Often called 
Qliret (lit. glii, a dormouse). 

Rotifers (Lat. rota, a wheel ; /era, I oarrj). A class of the ScoUdda com- 
prising the so-called " Wheel -animalcules. 

RlTGOSA (Lat. ivgos\it, wrinkled). An eitlnct order of Corals. 

BUMBH(Lat, the throat). I'he tirst stomach or "paunch" of Ruminants. 

RuuiNANTlA (Lat. TwmitKT, I cbew the cud). A group of the Hooted ilam- 
vialia. 

Sacrdk, The vertebne which unite with the hannch-bonca to form the pslvis. 
Barcode (6r. larx, Hesh ; eidos, form). The protoplasmic sulistsnce of which 

the Ixidies of the Ptotonoa are composed. 
Sarcoids. Tne separate amcsba-Iike particles which collectively make np the 

" Besh " of a Sponge. 
SAnRorsiD* (Gr «titni, liiard ; ojuh, appearance), TheDamegiTenby Huiley 

to the two classes of the Reptiles aud Birds collectively. 
Savboftkbiuia (Gt. lavra, a lizard ; pierux, a wing). An extinct orier of 

Reptiles. 
Saitbdks (Or. saura, a lizard; oum, tail). The order of Birds comprising 

only the eiUnct Archamltri/x, 
Scanbohes (Lat. Kondo, Iclimb). The order of the Climbing Birds (Parrota, 

Woodpeckers, be) 
Scapula. The shoulder-blade of Verifbrata. 
SCLEBODASIC (Or, ttl»o», hard ; bona, pedestal). The form of coral which 

constitutes a central axis, surrounded by the soft parts of the animal (e.g.. 

Red Coral). 
ScLERODKRMic, Applied to those corals which are secreted within the body 

of tho polypes which produce them. 
ScoLECiD* (Gr. iioiii, worm). A division of the Annvlaia. 
Scuta (Lat. sctUiim, a shield). Applied to the shield.like integumentary 

plates developed in many Reptiles. 



a serpent in shape. 
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8BRTni.AKlDA (Lit. strtum, a wreatli). An onler or tlie llydmoa. 

SEsaiLB (Lt,t,teiio,Isit). Not supported upon a italk, but uttacbed by a 1»se. 

SlUCEOUB t Lat. nUx, Siot). Composed of flint. 

SlFHOM (Oi. B tnbe). Applied to the resptrutory tubes of many of the Mol- 

liaca ; also to otber tubes of diflerent functions. 
SiFBOROFHoRA. (Gr. nplion, a tabe;phero, 1 carry). A. sub-class of t1ie 

SlBEHla (Or. tcirln, a mermaid). An order of Mamvialia comiirislng the 

Di^ougs and Manatees. 
SOLIDUNOULA (I.at. siJtrfiu, solid; uTigala, a hooO- The group of Hoofed 

Mammals compiislng the Horse, Ass, and Zebra. 
SoHATjo (Gr. aama, bMy). Connected vritb the bod}'. 
3oH[TE (Gr. Knaa), A single segmttit in the body of an Articulate animal. 
Sficula (Lai tpiculiiia, a point). Pointed needle-shaped boilies. 
gPl^HERBTS. The organs by means of which Spiders and Caterpillars spin 

threads. 
Sponoida (Gr. tpoggoa, a sponge). The division of the Frotozoa commonly 

known as Sponges. 
Btbrhuh (Gr. tl^-mm). The hreast.hone. 

Stohafoda (Gr. tloma, mouth ; podet, feer). An order of Cruatacea. 
Stohatodb (Gr. stoma, mouth). Fossessmg a month. Tlie Infusoria aie 

thus often called the Stomatode Protosoa. 
StbeFSIPTEHA (Gr. slTepho, I twist ; ptenm, a wing). An order of Insects in 

which t1i« anterior wings are represented by twisted rurliments. 
Strefbirhiba (Gr. lirejAo, I twist ; rhinet, nostrils). A group of the Qtutd- 



Tabuls (Lat. tahala, a tablet). Horizontal plates or floors which are fonnd 

Tactile (Lat. tangc, I touch). Connected with the sense of touch. 
TfNiADA (Gr. tainia, a ribbon). The order of Scoiecida comprising the Tape- 

TABao-HETAIABsns. The single bone prodnced in Birds by the union and 
anchylosis of the lower part of tbs tarsus with the metatarsus. 

Tarsus (Gr. farsos, the flat of the foot). The small bones which form the 
anhlfl (or "instep" of man), corresponding with the wrist {carpua) of the 

Teleohtei (Gr. tdeiot, perfect; otUon, bone). An order of Fishes often 

spoken of as the Bony Fishes. 
Telsoh (Gr. a limit). The last ioint in the abdomen of the Crattaeea. 
Te^iuirostres (Lat. tmitii, slender; rotfrum, beak). A group of the Percbing 

Birds oharacterised by their slender beaks. 
Terrestrial (Lat. terra, earth). Living upon 'dry land. 
Test (Lat. UtUt, a shell). The shell of Motltma. which are for this reason 

sometimes called Testacea. Also, the calcareous shell of Sea-aichins. Also, 

the thick leathery outertunic of the Sea-sjuirts, Tunicata. 
Teteabrancbiata (Or. Utra, four; bragchia, gills). The order of Cephalo- 
poda characterised by the possession of four giils. 
Thalassicollida (Gr. IhaUuaa, sea ; IcoUa, glne). A division of Protmoa. 
Therioiwntia (Gr, thsr, beast ; oderat, tooth). An order of extinct ReptUeg 

with teeth of a Mammalian type. 
Thebiomorpha [Gr. tkfr, beast ; norpkS, shape). Employed by Owen to 

deBignate the "tail-less Amphibians, such as Frogs and Toads. 
ThobaX (Gr. tlurrax, the breast, or a breast-plate). In the higher animals, 

the thoran is that region of the body which is placed between tlie abdomen 

and the head. 
Thvsahura (Gr, Ikimanoi, Mnges ; oum, tail). An order of Insects. 
Tibia. The shin-hone, corresponding to tlie radiue of the fore-limb, and 

being the innermost of the two bones of the leg. 



TaiCHKA (Gr. (racfteia, the roiinh windpipe). The tube which conveys air to 
the lungs ia the air-hreathiug Vertebrates. lu luaecCs, Hyriapods, and 
Spiders, tlie airtubea wliich ramify through the body, 

Trbmatoda (Or. irima, a pore or hole). An order of iScoUcida. 

TitlLOBlTA (Oi. Ireis, three ; Mio>, a lol>e). Au extinct onler of Crustacea. 

TUBICOLA {Lat. fufia, a tube; co2a, liiihabitl. An order of ^4 nnefufu. 

Tdbularida (Lat. tuba, atabe). Often ased instead of Corynida to designate 
an order of the Hydrcaoa. 

TuKiCATA (Lat. tanica, a cloak). The Sea-squirts', a clasa of the Molliu- 

Ulua (Gr. olenl, the elbow). The otitemiost of the two bones of the fote-ann, 
correapouiiing with Xhejibida of the hind-limb. 

UuBO (Lat. the boss of the shield), Tlie beak of a bivalve shell. 

Umbrella. Tlie contractile disc of one of the Linxraarida. 

UlJQULATA (Lat. wngHla, a hoof). The order of Mammalia comprising the 
Hoofed Quadrapeds. 

Uhcvalvb (Lat. «nus, one; valea, folding-doan). Applied to shells com- 
posed of a single piece or valve. 

Urodela (Gr. mint, tail; diloa, visible). The order of the "tailed" Am- 
phibians. 

VaCdoles (Lat. vactiua, empty). The little cavities often formed in the in- 
terior of many of the PTiitiioa by the pretence of particles of food, sur- 
rounded by a little water. Many vacuoles ai)pear to Tw of « different nature, 
being permanent cavities in the protoplasm, and being in some cases eon- 
tractile. 

VkntraL (Lat. venter, the stomach). Relating to the inferior surface of the 

Vbntbicle (Lat. ventriculus, diminutive of venter, belly). One of the cavities 

of the heart. 
Vermes (Lat. vermii, a worm). Sometimes used at the present day in the 

same, or nearly the same, sense as ScoUcida, or as Scolecida plus the 

Anarthropoda. 
Vebhipobm. Worm-like in shape, 
Vebtebba (Lat. verio, 1 turu). One of the bones comjiosing the spinal column 

or backliouo. 
Vertebbata. The sub-kingdom compri.ting wimals almost all of which have 

a more or leas well-developed vertebral colnran. 
Vesicle (lAt. ueaica, a bladder). A little sac, bladder, or cyst. 
Viscera (Litt, cucus). The internal organs of the body. 
Viviparous (Lat, vivui. alive : and pario, I bring forth). Applied to animals 

which bring forth their young alive. 

; otira, tail). An order of CTOtlacea com- 

Zo5iD (Gr. !o9n, animal ; eidoa, form). The more or less completely inde- 
pendent organisms produced from a primitive being by gemmation or 
fission, whether these remain attached to one another or are detached and 

Zoophyte (Gr. joSn, animal ; phuton, plant). Loosely applied to many 
plant-like animals, such as Sponges, Corals, Sia-uuemones, Sea-firs, Sea- 
mats, &c. 
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TVwBi/oute. MS, 






!&». 



TnehUuSa, SP4. 
TVogflwtiilei. S£9. 
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APPLETONS' 



lu reapmvie to tbe gron 
ences, and a demuid lor 
Mcorate phases of Bcleoti 
wideuiiig field of iavestigai 
publication of a. scries of U 
Stud; in Higb Schools, Acad 

The following are now r< 

THE ELEMENTS O 

CLiRKt, Chemist of Ih 
869 pages. 

THE ESSENTIALS 
AND HYGIENE, 
spector of the New Yor 

ELEMENTARY ZOd: 

New York Academy oi 
Society, etc. ; and J. 
American Museum of '. 
12mOi USD pa^s. 

A COMPEND OF GE( 

of Qeologj and Katura 
author of " Elements of 

APPLIED GEOLOGY. 

Qeological Structure. I 
eral and EcoDomic Geolc 

DESCRIPTIVE BOTA 
cation of Plants, with a 
12nio, S3fl pages. 

PHYSIOLOGICAL BO 

PcofcBsor of Botany In E 
can Schools and prepare! 
Eliza. A. Yodhans. ISi 

THE ELEMENTS OF 
Lauunck Lausblin, Ph 
omj in Harvard Universit 




SCIENCE. 

EiLzley and Touiiuuu'b Phyaiolt^y ftnd Hj^iene. B7 
TiiOMia H. Hcxi^T, LUD^ F. R.S., and Willuh J. Yoimuis, 
U. D. Nev tnd reviaed ediJon. Witb nameitiuB lUnstmUons. 
12(Bo. 420 pages. 

Ctomin^s Claaa-Book of PhTsiology. With 24 Plates, and nu- 
merous Engravii^B on Wood. 12ma S24 pages. 

Toumaiis's Haad-Book of Houoehold Science. A Popular 
Account of Heat, Ught, Ait, Atiaeut, and Cleansing, In their Sci- 
entific Principles and Domestic Applications. With aumeroua illua- 
traUre Diagrams. 12mo. 470 pages. 

Physiography ! An Introduction to the Studj of Nature. Bj Tbomas 
H. HcxLKT, With llIuBtrations and Colored Ftatea, 12nio. 

Nicholson's Biology. Illustrated. ISmo. lespt^iee. 

Nicholson's Ancient Life-History of the Earth. A Compre- 
faensive Outline of the PriocipleB and Leading Facts of Paleonto- 
It^ical Science. 12aio. 407 pages. 

Anthropology : An Introduction to the Stud; of Uau and Civilization. 
Bj Edward B. TtLoB, D. C. L., F. R. S. With 78 IllustniUonB. 

I2IDO. 448 pages. 

Science Frimers, Edited b; Professors HrzLET, Bobcob, and BaIt 

TOOK SrKWiBT. 

Chemistry B. B.KoKoa. 

PhysioH Bauohb Stevabt. 

Physical Geograpliy A. OatKn. 

Geology A. Oeieib. 

Physiology U. Fobteh. 

Astronomy J.N. LocEian. 

Botany J. D. Hoosbb. 

Logic. W. S. JiTONS. 

Inventions! GeonnetFy W. O. Sprhceb. 

Pianorone Fbahklih Tatlob. 

Political Economy W. S. Jetohb. 

Natural Reaoui^es of the Unltod States. 3. Habhis Patton. 

Soientifio Agpioultuiw N. T. Luptob. 

D. APPLETQN A CO.. Publishers, 

NEW VORK, BOSTOK, CHICAGO, SAN FRANCISCa 
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BOTANY AND . 



Bescriptive Botany. A Trtictical ( 
Plants, with u Tapular Flora. B; 
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THE NEW PHYSICS. 

A Manual of Experimental Study for High Schools 
and Preparatory Schools for Oollege, 

By JOHN TROWBRIDGE, 

PBOnsiOB OF FQYSlCa, HABVXBD DinVmBBlTr. 

With BlaatraUoaa IZmo. ClotJt. $1.50. 



Thi Niw Fhtsics ie intended &a a class mtuiual of experilneiital 
study in Physics for colleges and advanced preparatory schools. 

It inrolves the use of simple trigoQOtnetcical formulita in eiperimentsl 
demonstraliaiis uid in the discussions and matheniatical computatitHU at 
various fonos of energy. 

In Tas Niw Fbtbics, Professor Trowbridge has so presented the 
Babjecta tre&ted, theoretically and practically, as (o furnish to the student 
the means of rigid and thorough mental diedpline, and at the same time 
of aoquiring that praotical Icnowledge of the subject which will properly 
prepare him for subsequent and deeper study in the tdeuces. The 
Toodem tendency of pbTsical science is carefully noted and clearly shown 
by means of the illustrationa employed and their mutual relations. 

FroteBSor Trowbridge's Hew Pbtsios is a successful and oomplets 
refutation of the fallacy which has long prevailed among those who adhere 
eidusiTely to the clasucs for purposes of mental discipline. Its teit 
shows that the mastery of certain definite and proportiooate requirements 
in the sdences, as requisites for college admisuon, calling for definite 
attainment before entrance upon a collegiate course of study, will furnish, 
in due proportion, that mental trainijig and development whidi are a 
necessary preparation for the broader training of the college curriculum. 

Toe New Phtsics is also adapted to the use of colleges and spedal 
traiiung-Bdioola, and will be found a convenient and practical textJ>oak 
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OUR PLACE IN SPACE! 



ASTRONOMY BY OBSERVATION. 

By KLIZA A. BOW EN. 

4to. MpacoL 

Ah elementtr; teit-book for Hlgh-ScboolB utd AodetuieB, based on 
the most practical and iotereBting method of etudjing the subject — that 
of obtervaUm. To aaaiet the pupil In hU work, careful direetionE are 
glTen when, hon, and where to find the hearenlj bodies ; also for observ- 
ing, in entertaining and instructive ways, the characteristics and phenora- 
eua of the constellations. Their motions arc described in familiar 
language, in the order in which they can be seen bj an oiwerrer. The 
lai^ quarto pages admit maps and views on a scale that will £^e a 
clear concep&Q of the vast expanse of the celestial r^ons. 



LOCKYER'S 

ELEMENTS OF ASTRONOMY. 

Accompanied with nnmeroDB Illnstrations, a Colored JSepresenta- 
tton of the Solar, Stellar, and Nebular Spectra, and Arago'a 
Celestial Charts of the Northern and Southern KMuispbere. 
American edition, revised and enlarged, and Bpeciaii; adapted 
to the wants of American schools. 12nio. 812 pages. 

The autiior's aim throughout the book has been to ^ve a connected 
view of the whole sublet rather than to dlscuaa anj particular parts of 
It, and to supply facts and ideas founded thereon, to serve as a basis for 
subsequent study. 

The fine STAR-HiPS OF ARAGO, showing the boundaries of the 
conatellationB and the principal stars they contain, are appended to the 
volume. 

D. APPLETON & CO., Publishers, 

NEW YORK, BOSTON, CHICAGO, ATLANTA, SAH FRANCISCO. 
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BOTANY BY OBSERVATION. ^ 



SCIENCE PRIMER 
OF BOTANY. 

Br J. D. HOOKER, C.B.,P.Ra 

FCLLT ILLUBTIUTED. 

tBmo. Fleiible clotb. 



A Tery iDtcrBsdng kod Talnihla Httlo 
work, deelgoed lo BUpplT an elem«ii- 
»Tj knowledge of Uie principal IbclB uT 
planl-lllb. togetber wllli lh« meaDS of 
Inlnlng bcKiunere In tbe way ta ob- 
■erie plania mettiodlciUlj and accn- 



FIRST BOOK OF 
BOTANY. 

Br ELIZA A. Y0UHAN8. 



Tbs trne objective mpthud applied 
lo elemenlary Aclonce'teachlnfr^ PlanU 
IbemBeliea are Uie objects of BtndT. 
Tbe papU ta told verj lltUe. and rrom 
Ibe beKlDnlne Ibrongtioiil lie la eent lo 
tbe plant lo get bin knowledge ot ttie 
plant. 



DESCRIPTIVE 
BOTANY. 

By ELIZA A. TODMANS. 

A Practical Guide to the Claaeifica- 

tioD of Plants, nith a 

Popular Flora. 

PHYSIOLOGICAL 
BOTANY. 

Bt ROBERT BEN'TLET, F. L. S., 

Prot of Botany lo Kbig'a College, Lond. 

Prepared as a Sequel lo " Dcacrip- 

tire Butanj'," b; Eliza A. 

Toiunans. 

HENSLOW'S 
BOTAMIOAL CHARTS. 

Thorouebl; Uodified and Adapted 






pnpil I 



the Btnd J ot 



ly by the direct obaerraHon 
vegetable forms. 

Thii book lata lAt plac» <if Oe ou- 
tAor'i ■'Sfflwui aoot qf Botanv," bul 
pTOvidtt a complelt eoune in Uteff, no 
other book Mnjr tueeuart. 



Designed to five an elementary ac- 
count or SUnctDral and Physiological 
Botany, or or the Inner and minute 
■necbanlam and sctivltlee of plants. 

II Ireate oT Khat tbs parta of a plant 
are bntlt np, and what functions Ibey 
perform In its hl^lory a» a living being. 



8ll CbartB monnlcd on njllera, con- 
lalning nearly five bnodied fignrea 
colored lo llie lilis. which repment 
twenty-foqr orders and more than torty 
specie* of plants. An iPTaliuble aid 
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